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(Rcc«\'ed for publication June 30, 1932) 

In the voluminous literature on gastnc function one traces the gradual 
destruction of the hope that gastnc analysis can give exact diagnostic 
information The literature res eals instead, the enormous \'anabihtj of 
functional activity of the normal stomach Achlorhydna has been 
observed frequently in persons who continue to be healthy and otlicrwise 
entirely normal In pernicious anemia achlorhydna is not always 
present, as tlie findings of Castle (1) and his assoaates indicate WTicn 
so-called hypcraadity is found, it is often regarded as the cause of certain 
symptoms, but is ns often present v,athout symptoms Despite the fact 
that we cannot ordmanly establish a definite diagnosis on the basis of 
gastnc analysis alone, it gives supportive information of unquestioned 
value 

The fashion in test meals has, over a penod of years, favored foods 
common to the usual dietary The idea has been that bread and water, 
milk, broth or even a full meal ofTcred a physiological stimulus, and sudi 
meals as the Ewald, Boas, Sahli and Riegel have enjoyed the fat or of 
many years In recent years a dilute solution of alcohol has gained 
vogue as a test substance because it is a clear solution and provokes a 
significant secretion of gastric juice In 1920, the action of histamine on 
gastnc secretion was first studied by Popiclski (2) In 1922 stimulation 
of gastnc secretion by histamine was applied to man by Carnot, Koskowski 
and Libert (3) Since then it has been increasingly used in gastnc 
analysis, largely because it was thought to give a more intense, possibly 
maximum stimulation 

At the present time, the Ewald alcohol, and histamine stimuli arc 
widely used in this country They ha\c been extensnely studied, but 
these studies hax-c yielded very little, informition by means of which thcir 
actions can be adequately compared Tins is due to the fact thit 
insufiiaent allowance has been made for the wide range of funclioml 
vanation of normal gastnc secretion In order to balance this xnnablc in 
considcnng two test meals, it is necessary to give both of them to the 
same subject, under standard conditions and compare adequate senes of 
such duplicate analyses Wth this In mind, a study of gistnc function 
was undertaken A total of three hundred and fifty sc\en analyses were 
made on ninety -eight subjects under controlled conditions 
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aadity, which is m accord with the findings of Bloomfield and Keefer (4) 
and Comfort and Osterberg (7) The latter authors doubt the diagnostic 
value of volume estimation 


IS used as the index of re 


11 Comparison of Eicald and alcohol test meals, and histamine 

The extensive use and studj of these test substances has provided 
very little information by means of which their powers to stimulate the 
flow of gastnc juice could be accuratelj compared In an attempt to do 
this, three senes of duplicate analyses were made, using respectively the 
combinations alcohol and histamine, Ewald and histamine and alcohol 
and Ewald Tlie antlimetical averages are given in Table I Tlic 

a- t , /average deviation \ 

coefficient of dispersion 1: 1 

\ mean / 

liability The particular suitability of the index for the type of com- 

pansons drawai in this study has been pointed out b> Karl Pearson (21) 

The coeffiaent of dispersion was not calculated for volumes of secretion 

throughout, because these values sliowcd no consistent trend nor was it 

calculated for the two eases in which gastnc analysis was done followang 

injection of calaum chlonde 

Histamine and alcohol In the first senes, twent> scvain subjects 
rpccivcd both the alcohol meal and the histamine meal In all, sixtv -one 
analyses were made under the standard conditions desenbed prcviousl) 
Following histamine, twenty nine fractions contained no free hydrochlonc 
a'ld, whereas after alcohol thirty nine fractions contained no free aad 
From the figures of Table 1 it will be noted that histamine elicits con 
sistcntly higher values for both free and total aadities After histamine 
the aadity reaches a maximum at the end of thirty minutes falling off 
thereafter The rise in acidity after alcohol is more gradual and reaches a 
maximum at the end of an hour The volume of secretion is practically 
the same in both instances, although it is to be remembered that tlic 
alcohol test starts off with a gratuity of 50 cc 

Iltstamine and Euald Nineteen subjects were examined A total of 
forty fiv e gastnc analyses w ere made Sevamteen sjieamens contained no 
free hydrochlonc aad after the bread and water meal whereas after 
histamine the number without free aad was fifteen From Table 1 the 
followang facts arc evadent The free aad after the Ewald test is signifi 
cantly lower than after histamine The total aadity after histamine 
reaches a maximum at the end of forty five minutes, and exceeds that of 
the highest Ewald value by a small margin Both free and total Ewald 
aodities reach a maximum at the end of an hour Molinan To'atti (8) 
''ound that the Micrction after a similar test meal lasted longer than after 
hi'tamine The volume of gastnc contents is 'lightlv higher after the 
bread meal The initial Ewald intake of 200 cc of water must be taken 
into consideration in drawang compansons 
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GASTRIC SECRETION 


Alcohol and Ewald Thirty-four analyses were made using seventeen 
subjects After the Ewald test twenty-eight fractional tests contained 
no free acid, whereas after alcohol only eighteen samples were negative 
for free acid A study of Table I shows that under similar conditions the 
Ewald meal gives higher values for total aadity than the alcohol test 
This IS in accord with the previous findings in which the histamine values 
were more nearly approached by the Ewald test than by the alcohol test 
The free aad values after the Ewald meal are again low The volumes of 
secretion show no significant trend 

III Effects of repeated and prolonged shmulahon of gastnc secretion 

In order to study the changes taking place in gastnc secretion dunng 
repeated or prolonged stimulation, the following expenments were 
performed The subject was given one of the test substances and four 
aspirations were made, in the usual manner, at intervals of fifteen imnutes 
Care was taken to dram completely the stomach with the last aspiration 
After a rest of fifteen mmutes the same test substance was then repeated 
and a second gastnc analysis performed A senes of patients was 
studied by means of each of the three test stimulants alcohol, Ewald 
meal, and histamme In order to study further the secretory function 
dunng prolonged stimulation, three successive administrations of 
histamine were given at intervals of forty-five mmutes, and the fractional 
samples of the analyses compared in a senes of patients 

We were interested in discovenng (a) Whether repeated stimuli 
brought forth the same or a lessened response, in other words whether the 
phenomenon of fatigue could be demonstrated , (&) Whether there were 
any differences in the capaaties of the test substances to eliat a renewed 
or prolonged secretion, (c) WTiether the so called “maximal” stimulus of 
histamine left in its wake a pronounced fatigue or a refractive penod, 
(d) Whether the Ewald meal, a so called "physiological” stimulus, 
evoked a pattern of response different from that caused by histamme and 
alcohol 

Ewald tests Two successive Ewald meals were given as described 
above, to twelve subjects The averages represented in Table I show 
that the first test meal evokes the progressive increase m acidity noted 
previously In the first fraction after the second test meal the aadity is 
greater than m the corresponding fraction after the first test meal In 
the remaming fractions after the second test meal there is both an actual 
cmd comparative fallmg off of aadity In other words, after the second 
test meal there is a short interval of augmented aad output followed by a 
lessened ability to respond 

Alcohol tests Two successive alcohol tests, as described, were given 
to twenty-five subjects A total of twenty-eight duplicate tests were 
made It wdl be noted from Table I that the maximum response appears 
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m the third speamen after the first test After the second administration 
of alcohol the aadity in the first two fractions is greater than in the 
corresponding fractions of the initial analysis In the remaining tno 
fractions the aaditv diminishes absolutely and relati%’el> The cun-e 
IS similar to that obtained from the Ewald meals, except that after alcohol 
the accumulative effect is slightly prolonged 

Ilutamine tests Ttco successree gastnc analyses n-cre made after 
histamine, as m the manner previously described, on forty-one subjects 
uho received in all forty six paired gastnc analyses Examination of 
Table I shows that the a\ erage free and total aadity becomes maximum 
in the second speamen (one half hour after injection) in both tests The 
first two speamens of the second test arc more aad than the corresponding 
fractions of the first test In addition it is noted that the peak of both 
analyses is attained in the second speamen of the second test The last 
two speamens arc lower than the homologous samples of the first test 
In other words two successive injections of histarmne give a cumulatne 
effect, followed by a decline in secretory activity 

In order to extend the observation described abov’c, and to determine 
whether the cumulati\c effect is earned to a third stimulation, six 
subjects were given three successive injections oj histamine at intervals of 
three quarters of an hour, fractions being collected every fifteen minutes 
as before The peak of aadity (Table I), after tlic first injection came, as 
before, in the half hour (second) speamen After the second injection of 
histamine the output of aad was augmented in all three speamens The 
maximum was attained in the second speamen followed bj’ a definite 
falling off in the third speamen, which was nc\’crthclcs5 higher than the 
corresponding third speamen after the first injection After the third 
injection of histamine there was slight augmentation of aadity m the 
first speamen, but a drop thereafter 

These axpenments demonstrate that repeated stimuli increase the 
secretion of aad This holds for the Ewald and alcohol meals, as well as 
for histamine This docs not seem to be a true arithmetical summation 
phenomenon When three successive stimuli arc gl^■cn, the augmentation 
of aadity after the third is less than after the second Following the 
initial increase in output of aad on repeated stimulation, there is a 
definite reduction suggcstixc of a fatigue phenomenon Ky and Jisois 
(9) and Ltm (10) observed a diminution of resfionsc on successiw ad- 
ministration of histamine in dogs, although the interval betw cen injections 
(3 hours) was probablj toolongtoprorokeanj additixccffcct Bestand 
McHenrj (6) stale, "The gastnc secretory mechanism affected b> 
histamine is not easily complctcl) fatigued, but the effects of an injection 
of the amine is grcatlj reduced b> the recent preaous administration of 
the substance ’ Polland (11), on the other hand, found that repeated 
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injections of histamine produced the same volume and aadity Further 
mvestigations of the laws governing gastnc secretion would be desirable 

IV The effect of atropine after histamine stimulation 
Polland (11), found that atropine, after histaimne, caused a marked 
decrease m volume, a nse m titrable acidity, and a fall in total acid in the 
gastnc secretions Best and McHenry (6) , state, " There is fairly general 
agreement that atropme does not prevent the action of histamine on the 
human gastnc glands ” Usmg eleven subjects, we have made similar 
studies After the administration of 1 milligram of histamine sulphate 
aspirations of four samples were made at 15 minute intervals After a 
rest of 15 mmutes, 1 milligram of histamine sulphate and from gr 1/100 
to gr 1/50 of atropme sulphate were given m the same synnge Four 
aspirations were made as before The results are represented in Table I 
The values for volume showed, as before, no definite trend The second 
mjection gave m the first two speamens an augmentation of titrable 
aadity comparable to that which might have been expected if histarmne 
alone had been given The titrable acidity of the third and fourth 
speamens, however, either equaled or exceeded that of the correspondmg 
speamens of the first analysis This means that the addition of atropme 
prolonged the high level of titrable aadity, mhibiting the fallmg off which 
generally occurs in the last two speamens To this extent atropme 
augmented the titrable aadity as Polland had noted 

V Influence of breakfast on gastric analysis 
Inasmuch as patients occasionally misunderstand instruction and 
come to the clmic after they have had breakfast, it was thought desirable 
to study a group of nme subjects makmg duplicate gastnc analyses, with 
and without breakfast It is interesting that some of the test meals 
recommended, such as the Riegel and Fischer meals, constitute practically 
a full meal It is admitted, of course, that the presence of the breakfast 
mtroduces an unknown vanable, which, as a general rule, makes study of 
the gastnc contents imsatisfactory To what extent a previous breakfast 
interferes with the proper mterpretation of gastnc analyses we were 
mterested in knowing On one day the subject was exammed, after 
havmg eaten a customary breakfeist at the usual time The gastnc 
contents were aspirated and the analyses, thereafter, conducted in the 
manner previously descnbed, using one of the test substances On 
another day, the patient came m without breakfast, and the analyses were 
repeated usmg the same test substance The results given in Table I 
show that the volumes of seaetion were m close agreement The free 
aad shows no constant trend, although, on the whole, it was slightly 
lower after a previous breakfast, due perhaps to the buffer action of the 
food After a previous breakfast the total aadity showed a distinctly 
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higher level m all samples This might possibly be due to the aug 
mcntative effect of repeated stimulation which has been pointed out 
above 

Free and values, then, are slightly lower and total aoditics marhcdlj 
higher after the subject has had a previous breakfast than when he is 
examined in the customary fasting condition 

VI Effect of intravenous calcium chloride on gastric secretion 

The recent interest in the use of mtraxenous calcium chlondc to 
relieve smooth muscle spasm prompted us to investigate its effect on 
gastric secretion Two patients were given 10 cc of S per cent calaum 
chlondc intravenously after which fractional samples of gastne secretion 
were removed every fifteen minutes for one hour The volume and 
acidity were tlien compared, in one case, with an ordinary histamine 
analysis, and in the other with an Ewald test 

The results in Table 1 indicate that intravenous calaum chlondc is 
followed by an increased gastne secretion which, m the two subjects 
studied, was comparable in volume and aodity to that produced in Ewald 
and histamine tests 

COMMENT 

The comparative ments of the vanous test meals and substances his 
been the subject of mdc discussion The Ewald meal has been cntiaicrl 
because of the low aad values or even achlorhydna which it evokes in the 
normal stomach In this respect the present study shows that the 
alcohol test is no marked improvement Tlie histamine test has been 
objected to on the ground that it introduces an unphy'siological and 
unnatural stimulus In this connection, it is interesting that I w (1 2) has 
recently isolated from the gastne mucosa histamine sulphate which he 
identifies wnth gastnn In considenng the virtues of tlic vanous test 
substances for gastne analysis, almost no regard has been given to the 
influence of the test substances on duodcml regurgitation and the rate of 
emptying of the stomach Neale and Klumpp (13) have shown that 
dunng the height of histamme activity gastne contents do not appear in 
the duodenum and pancreatic secretion into the duodenum is inhibited 
Lim, Matheson, and Schlapp (14), Osborne (IS) and others agree that 
pancreatic secretion is decreased dunng histamine activaty Tins explains 
why gastne aspirations after histamine arc uniformly clear, colorless, and 
unstained with bile Wth the other test substances tlic ebb and flow 
through tlic pylorus introduces an uncontrolled variable which modifies 
both volume and aadity 

The Btomadi shares wath the kidneys, heart, lungs and other organs a 
wade range of functional capaaty and a large margin of rcservx Because 
of this a mild test stimulus comparable wath the usual physiological 
functional demand. Is unreliable because the reserve ability of tlic organ 
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Will mask early functional impairment In order to detect such slight or 
early impairment, it is necessary to apply a maximal stimulus, a fimctional 
load which will try the organ to its full capacity It is our belief that this 
pnnciple, which has been recognized and applied m the study of renal, 
pulmonary, pancreatic and cardiac disorders, should be considered in 
studying gastnc function A stimulating agent should be used which is 
sufhaently intense to overcome the large margm of functional reserve that 
may mask the defect This concept has been previously expressed and 
advantageously apphed m the study of disease by Bloomfield and Polland 
(16) It has been amply demonstrated that histamine provides a more 
intense stimulus than the other test substances, m adequate dosage, 
possibly a maximal stimulus This we believe is the most satisfactory 
smgle agent for the study of gastnc function 

The advantages of the histamine stimulus over the vanous test meals 
have been recognized by Bloomfield and Polland (16), Rudd (17), Carnot 
and Libert (18), Andresen (19) and others The followmg is a summary 
of some of these advantages 

1 The variables of salivary dilution, appetite or anorexia, and rate of 
eatmg mcidental to test meals are elimmated (15) 2 The gastnc 

contents are uniformly clear, colorless and watery 3 A tube of small 
bore may, therefore, be used, making nasal passage possible, especially 
for children and uncooperative patients Such a tube and tip has been 
descnbed by one of us (20) The stomach may be emptied at each 
fractional aspiration 5 The peak of secretory stimulation is attained 
withm forty-five nunutes, thus making the test shorter than when the 
Ewald and alcohol meals are used 6 The masking buffer action and 
reaction of the meal is not present 7 Histarmne provides a strong 
stimulus The advantages of the functional load in gastnc anal 3 ^es has 
been discussed 8 The histamme test gives more nearly constant 
results on repeated examinations of the same individuals (15) 9 The 

histamme test is the only one that can be relied on for the detection of 
achlorhydna 10 Durmg the height of histamme response neither 
duodenal regurgitation nor loss of gastnc contents occurs (12) 

SUMMARY 

1 In a given mdividual the secretion of acid m response to a imiform 
stimulus tends m general to remam within a broad range Occasional 
wide fluctuations are, however, encountered 

2 One negative histamme test is not conclusive evidence of achlor- 
hydna 

3 The volume of gastnc secretion m response to a uniform stimulus 
fluctuates widely, and no relation between volume and acidity is found 

4 In a senes of duplicate analyses histamme eliated consistently 
higher values for free and total acid than the Ewald and alcohol tests 
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The maximum secretion of aad was attained between 30 and 45 minutes 
after the injection of histamine After the Evi-ald and alcohol tests the 
maximum response came at the end of an hour or later 

5 The alcohol test f;a>e higher values for free acid than the Ewald 
meal, but the latter evoked higher total aadibos in duplicate analyses 

6 In duplicate analj'scs, achlorhyxina appeared more frequently after 
the Ewald meal than after alcohol, and least frequently after histamine 

7 Administration of repeated gastric stimuli induced a temporary 
augmentation of aadity after each, followed by a pronounced falling off, 
suggestive of a fatigue phenomenon There was no fundamental differ 
ence in the power of the three test meals to elicit this response 

8 Atropine in moderate doses tends to prolong the high lc\el of 
titrable aadity 'ahich ordinarily occurs after histamine 

9 A previous breakfast tends to cause lower aad values and higher 
total aaditics in response to a standard stimulus 

10 Intravenous calaum chlondc increases gastric secretion 

11 The theorettcal and practical advantages of studying gastric 
function by means of the histamine stimulus are discussed 

The authors are happy’ to acknowledge the generous coopicration of 
Dr A J Beams 
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{From the ifrdtcnl Dtotnon of the Horpttol of the Untrersrtv of Pennsvtoania and the 
Laboratory of Phairmacolocy Unreernty of Pertrssykania Phitadetphra) 

(Rc«i\*cd for publication July 27, 1932) 

Any method of detcrmming the \otume of the cardiac output in man 
whicli requires intelligent, alert and active cooperation by the subject can 
scarcely be regarded as suited to the study of this most important aspect 
of cardiac function in tlic clinic Errors arc sure to ansc from ignorance, 
lack of training, e.xatemcnt, appreliension, etc., of such magnitude as to 
render results worthless \\Tien the ethyl iodide method of Henderson 
and Haggard (1) was devnsed, in which the sole requirement of the subject 
IB that he breathe through a mouthpiece, it appeared that a long step had 
been taken toward the attainment of quantitatn c information concerning 
the heart’s output under the vanous circumstances of disease Im 
pressed by these possibilities Starr and Gamble, at the suggestion of 
Professor A N Richards and v,ath generous assistance from Professor 
Henderson, learned to use the method and began tlic study of normal 
subjects in order to accumulate the c.xpcncnce and the data requisite for 
Its profitable application to patients Unfortunatclj discrepanacs were 
soon encountered betwaKin their c-xpcnenccs and those which Henderson 
and Haggard had published 

It was soon caadent that, by means of the analj’tical method of 
Henderson and Haggard, known concentrations of ethyl iodide could not 
bo estimated iMth satisfactory accuracy It was therefore necessary to 
doxasc new metliods vhicli met this requirement (2) Employing tliesc 
methods Stirr and Gamble a’erc unable to verify certain of the concep- 
tions on which the onginal method was based, namely the absence of ctliy 1 
iodide from blood returning to the lungs and the sire of the distribution 
edeffiaent for ethyl iodide betwaicn air and blood (3) They were there- 
fore confronted with the question of abandoning the project altogether 
or of so altenng the plan of tlie mctliod that it should yield results in 
which they could have confidence The latter alternative wa,s chosen, 
the distnbution coefficient wus redetermined and the method wi-v rede 
signed so that the relatively large amount of ethyl iodide in venous blood 
could be estimated at each determination of cardiac output By means 
of this new method it w~is found po'siblc to make s-itisfactorv csiimations 
of the flow of blood perfused through the lungs of dogs at a kaiowai rate 
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(4) Also numerous experiments on man gave evidence that it Wcis proper 
to employ the method for the determination of cardiac output in resting 
subjects These modifications of the onginal ethyl iodide method and of 
the conceptions underlying it have recently been approved by Professor 
Henderson (5) 

With these improvements duplicate determinations of the cardiac 
output of trained subjects yielded results which showed an average 
difference of only 6 per cent (6) On one subject imder conditions of 
basal metabolism fifteen estimations have been made on seven days 
scattered over a penod of four years There is no significant difference 
among these results, the most divergent being less than 9 per cent, the 
average deviation being 4 per cent from the mean of the senes Although 
all subjects do not yield results as consistent as these, it seems proper to 
suppose that the cardiac output is relatively constant when conditions are 
smtable and that there exists a definite basal level of cardiac output 
analogous to the basal metabolic rate 

The next task was to discover how best to secure a basal cardiac output 
in patients and to find the factors which, by increasing cardiac output, 
would prevent the attainment of this condition It was found that a 
longer rest penod was necessary than that ordmanly employed before a 
determination of basal metabolic rate Cold, the taking of food, and 
exatement were found to increase cardiac output, and so must be avoided 
if the basal cardiac output is to be determined (6) 

Dunng this investigation other methods of measunng cardiac output 
were being developed and improved m other laboratones At present a 
number of methods give an average result on normal young adult males 
which IS qmte siimlar to that obtained by our method The diversity of 
the means employed in these methods, e g acetylene cmd a modified 
Krogh and Lmdhard technique by Grollman (7), cardiac puncture and the 
Pick pnnaple by Lauter (8), x-ray photography by Meek and Eyster (9), 
gives us confidence in the approximate correctness of our results Though 
some methods have certain advantages over our procedure, all but that of 
Meek and Eyster, which has certain disadvantages, either disturb the 
subject by punctunng the skm or by reqmnng his cooperation, and so 
appear to us less suitable for use on untramed patients than the procedure 
we employ 

Therefore it appeared that the tune had come to carry out the original 
intention of studying cardiac output in the clinic and to attempt to answer 
the question whether the method of Starr and Gamble was suffiaently 
accurate to throw light on the diagnosis and treatment of cardiac disease 
and on other questions of cardiac physiology Accordmgly, duplicate 
detemunations of basal cardiac output were made m various types of 
patients About twenty-five caises had been tested before the data 
disclosed that m estimating the condition of the heart, the basal cardiac 
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output tvas of less significance than the cardiac work. The results also 
indicated that the basal t^xirk of the heart was a function of its size a 
finding nhich suggested that Starling s Lan of the Heart teas applicable 
to clinical conditions Therefore, we deaded to attempt to esbmate the 
magnitude of the heart's work in the common clinical conditions in which 
our method could be properly utilized 

We have now assembled duplicate determinations on 50 persons who 
were lying at rest fifteen or more hours after the last meal Seeking for 
div CISC conditions we have studied eases whose pulse rate ranged from 46 
to 142, the blood pressure from 94/50 to 210/130, the cardiac output from 
1 3 to 7 5 liters per minute, and the cardiac silhouette area from 69 to 200 
cm ’ Among these cases are apparently normal persons patients 
tiircatencd with congestive failure, and patients with some arculalorj 
abnormality but not threatened with failure, i c hypertension, hypcrtliy- 
roidism, angina pectoris, anemia, compensated valvmlar heart disease and 
funcbonal heart disease In cases not threatened with congestiv c failure 
the relationship between the left ventricular work per beat and the area 
of the cardiac silhouette or the v olume of the heart is approvimitcly linear, 
and thedcviabon of the great majonty'of values from tlie best line is with- 
in the limits of error Values obtained from pnbents threatened with 
failure are significantly different from these They demonstrate incfTiacnt 
hearts, doing but little w ork in proportion to their size This affords con 
firmation of the classic concephon of cardiac failure and miy aflord an 
additional means of diagnosis of this condition 

jnrrnoDs 

The details of our method have been desenbed (4) The subjects 
dunng each respiratory cycle inhale a concentration of ethyl iodide which 
causes no discomfort being indeed not much more than perceptible 
After about 20 minutes of such inhalation, samples arc taken of inspired 
e.xpircd, alveolar and rebreithed air A second group of samples is taken 
about 10 minutes later The ditTcrcncc of ethy 1 iodide content m inspired 
and e.Npircd air multiplied by the volume of respiration gives the amount 
of this gas absorbed from the lungs The difiTcrcncc between the contents 
of alveolar and rebreathed air, in tension equihbnum with artcnal and 
mivcd venous bloods lespccuvely multiplied by the distnbution coefii 
cient of ethyl iodide between air and blood, gives the amount of the gas 
earned nw ay by each unit of blood Tlic quotient of these two items gives 
the amount of blood w Inch flow s through tlie lungs, i c the cardwc output 
In calculatmg the results recorded in Table II we hive omitted one of the 
small corrections previously employed, Uiat for the cliangc of ethy 1 iodide 
in rebreathed air witli time Tins correction has proved to be msignifi 
cant in determinations of this land 
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In the great majonty of cases we employed the average distnbution 
coeffiaent of ethyl iodide between air and blood, 6 1, which when cor- 
rected to the usual room temperature and vapor tension became 5 6 (4) 
In cases of anenua and of diabetes this coeffiaent was determined and the 
result utilized The volume of respiration during the penod in which the 
samples were taken, usually mmutes, was employed m the calculation 
Blood pressures were determined by the auscultatory method, and pulse 
rates were counted dunng this same penod 

The metabolism was determmed by slowly drawmg samples of expired 
air from the mixing bottle dunng the penod in which the cardiac output 
samples were taken A second estimation of metabolism comaded with 
the second cardiac output determmation Thus the same volume of 
respiration was used for calculating both metabolism and cardiac output, 
and the samples used m both detemunations were taken as nearly simul- 
taneously as technical considerations would pemut The analyses were 
done m duplicate m the large majonty of mstances The respiratory 
quotient employed was that determmed except m the few cases in which 
It was altered by obvious hyperventilation, when 0 82 was assumed 
The standards used were those of DuBois 

The size of the heart was determined by orthodiagraph with the 
patient standmg The anteropostenor silhouette was drawn at the end 
of a normal inspiration and its area computed by a plammeter Many 
of these detemunations were done immediately after that of the cardiac 
output and metabolism All those on patients were done withm a few 
days However m seven normal persons (numbers 43 to 49), whose basal 
cardiac output had been detemuned m a previous investigation (6), the 
orthodiagrams were made about a year later 

The anal 5 ^es pertainmg to cardiac output were almost entirely 
performed by Starr, those concerned with metabolism by Colhns and 
the majonty of orthodiagrams were made by Wood We are mdebted 
to Dr Alexander Margohes for the remainder of the orthodiagrams 
The person detenninmg the heart size was never aware of the other 
findmgs 


On the avoidance, detection, or evalnation of certain errors 

We have not onutted any result from Table IV or Figiue 1 How- 
ever, certcun considerations make some of doubtful validity 

{!) Failure to attain the basal condition Aside from conditions m 
which the metabohsm was elevated by disease, thyrotoxicosis and some 
cases of threatened congestive failiue, only two of oiu cases (numbers 9 
and 11) failed to attam the basal condition in at least one of the two 
estimations Five cases attained it in only one of the duphcates, but 
when the average of the two is within normal liimts we do not regard the 
deviation of one as significant. Therefore we have evidence that most of 
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our subjects 'were under no emotional strain v.hen their cardiac output 
UTis estimated and v,e attribute this to the fact that no cooperation was 
required But we believe that under certain arcumstanccs it is possible 
to have a basal metabolic rate without a basal cardiac output For this 
reason our preliminarj rest period was always longer than that ordinanlj 
used to secure a basal metabolic rate 

(2) Uncertainly concerning tension equilibrium between aheolar air and 
arterial blood This equilibnum, which has been demonstrated for eth) 1 
iodide when the lungs arc normal (4) , cannot be assumed to exist w hen the 
lungs are abnormal No patient whose lungs were manifestly abnormal 
has been included in our senes The cases of "threatened congestn'c 
failure" were persons who had been decompensated but had regained 
compensation under treatment, and in whom abnormal pulmonary 
physical signs could no longer be detected None of them showed any 
cyanosis In the case which appeared to us closest to actual decompensa- 
tion (number 26) the oxygen saturation of the artenal blood was 89 per 
cent, just outside normal limits We do not behc\e that the pathologic 
change in the lungs wauld cause significant error in this case, for the more 
soluble ethyl iodide may be expected to pass through the lungs with more 
faality than oxygen Cases baxing emphysema were asoidcd 

(2) Hyperventilation The fact that certain pabents o\cr\antilatc 
and blow oft their COj when breathing through appiratus is well known 
We ha\c encountered this type One patient (number 1 and 2) showed 
this phenomenon only on certain occasions This gas-c us the opportunity 
to determine its effect on the cardiac output and work. The results 
(Table IV) show that when respiration was elevated, basal cardiac output 
and work were usually exceeded WTicn the respiration was normal tlic 
cardiac output and work were at a minimum and reasonably consistent. 
Therefore hyperventilation is a Milid cause for discarding a result The 
results charted for this patient ha\-c been selected from those in w hich the 
respiration was not unduly clexated WTicn other patients hyper 
\cntilated (cf numbers 12 and 30) the results haxo been charted but wall 
be commented on below 

It IS noteworthy that the alxcolar COj of our untrained subjects at 
the end of the breathing period ax-craged only 4 73 per cent ns against 
5 34 per cent for our trained subjects This rcducuon was plainly due to 
ox-erbrcathing in a few of our subjects and may well haxe been influcnccil 
by aadosis in some others That untramed subjects, breathing through 
metabolism apparatus, usually blow off CO, has been demonstrated by 
Hcckscher (10) and we bclicx-c that this factor has entered into our results 
also The low figures arc not to be atlnbuted to anx error m our method 
of obtaining alveolar air, for Haldane Pnestley samples taken on a number 
of cases contained amounts of CO, of about the same magnitude 
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{4) Errors tnlierent vtt the eshmatton of carduic work The work of the 
heart may be calculated from the fanuliar formula (11) 


W =QR 


wV^ 


where W = work done per minute or per beat, Q = volume of blood 
expelled per minute or per beat, R = arterial resistance = mean artenal 
pressure m mm Hg X 13 6, F = velocity of blood at aorta, w = weight 
of blood, g = acceleration due to gravity 

The expression wWjlg represents the work done in impartmg veloaty 
to the blood To estimate it, one would have to make certam assump- 
tions Assuming that the aortic diameter is 2 8 cm , that systole is 
proportional to the square root of the cardiac cycle (12) and that the 
expulsion penod equals systole minus 0 06 second we have calculated the 
veloaty factor for the four cases having the largest cardiac outputs and 
highest pulse rates In no case did this factor represent more than 2 
per cent of the calculated cardiac work. As this factor would certainly 
be smaller m the other determinations we have omitted it from our 
calculations altogether 

The error mherent m our cardiac output determinations has been 
discussed ^ (6) Unfortunately, there is no means of accurately evaluat- 


* Lindhard (33) makes the statement that the maximal error inherent in 
the estimation of ethyl iodide in 500 cc of air by our method is 0 3 mgm This 
IS erroneous, the context suggests that it is a mispnnt for 0 03 mgm , the average 
error in the analysis of a single sample But the following statement that this 
error induces an error of 6 to 7 per cent in the result of each of the four samples 
of a cardiac output estimation is likewise incorrect This percentage is appli- 
cable to the smallest of the factors utilized to calculate cardiac output (4) In 
this same article the descnption of our technique of obtaimng air in equihbnum 
with venous blood is also incorrect Our subjects rebreathe for 30 seconds in 
and out of a bronze bag and not for 2 minutes in a Douglas bag as there stated 

In this investigation the smallest factor appearing in the calculation of 
cardiac output (the alveolar ethyl iodide concentration minus the rebreathed 
concentration) was usually much larger than in previous experiments and the 
influence of the error inherent in the analysis on the calculated cardiac output is 
correspondingly smaller 

It must be remembered that, when the accuracy of our analytical method 
was evaluated by the estimation of known amounts of ethyl iodide, the 
apparent error was affected by that inherent in the weighing and handling of 
such small quantities Also in the calculation of cardiac output the values 
obtained by analysis are subtracted one from another, and they appear in both 
the numerator and denominator of the equation Therefore any errors which 
changed these values by a like amount, as those caused by constant under- or 
overtitration, would not affect the calculated cardiac output. Similarly, any 
error which affected all four values proportionately would also cancel out 
These reasons afford an explanation of the fact that the duplicate estimations 
of cardiac output on trained subjects agree better than one might expect from 
our accuracy in estimating weighed amounts of ethyl iodide 
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ing the absolute eiror The average delation of the fortj EC\‘en dupli- 
cates from their mean is 6 per cent The standard delation is 7.3 
per cent Therefore differences of 20 per cent are likelj to be significant 
The differences between duplicate esDmaOons in trained and untrained 
subjects arc given in Tabic I and average about 6 per cent and 11 per cent 


TABLE r 

jtrfracc dxffereTUe btticKn reiutls of duplicate determinations in per cent of Iheir mean 



RetphailcEn. 
nihiqte period 

Meubollita. 1 
2| mlitute period 

CardUc ootpot 
pet plaate 

C&rdtac work 
per bent 

In 9 trained subjccU 

pn ct*t 


ptr ctni 

ftr enU 




(normal*) 

18 


65 

(sJS 

In 44 untnuned subjects 





(bospital patient*) 

72 


11 4 

10 8 


of the corresponding means These differences are of about the same 
magnitude as those found in racasunng metabolism ’ and not much laigcr 
than those observed in mcasunng respiratory minute tolume. In ten 
subjects the change in respiration will almost completely account for the 
difference between the duplicate cardiac outputs Trained subjects arc 
more consistent than untrained ones in c\ cry item 

We regard automatic sampling of aUeolar air as the chief hazard m 
our method The respiratory tracing permits the dctccDon of the 
shallow or irregular types of breathing which would invalidate tins 
method We have encountered very few of these and wc ha\c made no 
eliminaDons on this score Untrained subjects usuallj breatlic fairlj 
deeply through appiaratus Also in most of our paDcnts the arteriovenous 
eth>l iodide difference is large Therefore small errors due to fault} 
automatic sampling would make but little difference in the calculated 
cardiac output 

In calculating artcnal resistance wc have made tlie u«ual assumption 
that the mean of sj-stohe and diastolic pressures equals the integral of 
the pressure curve Starling (13) evaluated the maximum error of this 
nssumpDon at 10 per cent, Frank (14) also regarded the error introduced 
as 10 per cent but exceptional!} it might be much higher (IS) In our 
senes it would probabl} be largest in the cases of h}-pcrth}’roidism 
(numbers 11, 21, 22, 23, and 28) and in the one case with aortic rcgurgiLi 
Don (number 24) The one case of nuncular fibnllation in tlic senes was 
under the influence of digitalis and there was no difficult} in estimating 

’ U IS to be remembered that the metabolism determinations were for short 
penods usunll} 2)'s minutes m make them comadc cxactt> with die cardiac 
output determinations The dctiauon of the duplicates is therefore con 
iiderabl} larger than is usual in detcrroinaUons made over longer penodv of 
time 
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blood pressure We believe that the error would be large only in unusual 
conditions and so, considenng our senes as a whole, we have estimated the 
error involved at 10 per cent We are by no means certain that the usual 
method of estimating diastolic pressure gives the correct result, but 
this error would be largely systematic, and we lack the data necessary to 
assign a value to it 

(5) The error ^n eshmahng cardiac size To determine the personal 
error m drawing the silhouette ten patients were studied by Dr Wood and 
Dr Margohes independently The average difference between the 
silhouette areas of each patient Wcis 5 9 per cent of the smaller value, the 
maximum difference was 13 per cent The largest absolute differences 
were in patients with large hearts, the shadow of the lower border bemg 
lost m the diaphragmatic shadow The largest percentile differences 
were m patients with very small hearts 

The error m estimating cardiac volume from the silhouette was 
studied by Bardeen By applymg a formula, heart volume = 0 53A*i^, 
where A was the area of the silhouette m the anteropostenor position m 
cm*, he estimated the heart volume of 63 cadavers In 45 cases the 
error was less than 10 per cent The error m the hving should be less, 
for movement aids greatly in the identification of the cardiac border 
Bardeen believed it to be less than 5 per cent m the majority of mstances 
( 16 ) 

Certam factors rmght make the cardiac silhouette area bear an incon- 
stant relation to the volume of the heart In some hearts the antero- 
postenor diameter bears an unusual relationship to the transverse 
diameter Also m large hearts the chambers do not always enlarge 
proportionately Espeaally m nutral stenosis the percentage of cardiac 
area contributed by the left ventncle may be smaller than m normal 
hearts or m hearts whose enlargement is due to other lesions 

Therefore it seemed to us that our error was larger than that suggested 
by Bardeen We have allowed ± 10 per cent for this error, but under 
exceptional circumstances it rmght be much larger than this 

Our data permit us to estimate the work of the left ventncle There 
IS evidence that the work of the nght ventncle bears a constant relation- 
ship to this (17) We prefer to avoid the assumptions necessary to 
calculate the work of the whole heart In our discussion only the left 
ventncular work will be considered 

In discussmg the relations of the volume of the heart, demonstrated 
to be approximately equal to 0 53 area*/* by Bardeen, we have omitted 
the constant (0 53) for the sake of simplicity 
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On the statisUcal methods and terminology used in the analysis of the data * 

For brevity in the description of our data, tve haw made use of the 
ordinary statistical temunology As these terms are not y ct common in 
clinical literature it is proper to mdicate their meaning The mean needs 
no explanation The standard denatton is a measure of the de\nation of 
the individual values from the mean of the group In most of our charts 
the points appear to ha\c arranged thcmscKes about a straight line 
Tlie line which fits the pomts best can be calculated and is called the 
hesl line or the regression line There arc two such lines for most groups 
of solucs but only one of them, the regression of cardiac work on heart 
sire, dcserses consideration in our discussion Tlic standard deviation 
about a regression line is a measure of the dc\nation of tlic points from this 
line The correlation coefficient is likewise a measure of this dCMation 
A coefficient of plus or minus 1 00 indicates perfect correlation, all the 
points being on a line A coeffiaent of 0 indicates no correlation, the 
points being scattered without regard to any line 

A summary of the statistical analj'sis is pren in Tables II and III, 
and statistical methods ha\e been emploj-cd in placing lines on certain 
of the figures The solid line AB represents the best line, the regression of 
heart work on heart size, for the control group On cither side of AB, at 
a distance equal to twice the standard detnation about the regression line 
for the control group, the broken lines CD and EF have been placed 
These lines should enclose approximatclj 95 per cent of all similar 
"control" cases Accordinglj onl> S per cent of such cases would he 
outside the enclosed area, and therefore the probabilitj is about 97 5 in 
100 that any result falling to the nght of this area was secured in a case 
which was abnormal in respect to the relationship illustrated b> the chart 

It IS of some interest to compare the limits of the control group based 
on Its statistical distnbution with our estimates of the errors mt-oK-cd in 
our determinations as discussed before Allowang 20 per cent 1 0 per cent 
and 10 per cent for the errors in the estimations of cardiac output mean 
blood pressure and heart size rcspcctirelj we ha\ c constructed on Figure 
1 the lines GH and JCB which would include in the area between them all 
the points whose denation from the best line AB could be explained by 
the errors which we bcliew to be inherent m these estimations Almost 
all of the results obtained on tlic control group fall within this area those 
obtained on the cardiac group are all outside it Howes er, since we can 
nes’cr hojx: to obtain an accurate estimate of the size of our absolute 
errors, the statistical methods afford the better means of determining 
significant dcnations fro m the normal 

• \\c are indebted to Dr \\ C Stadie for inslrucuon and ainsiance in the 
statistical analjsis of the data 
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RESULTS 

The results are given m detail in Table IV, which has been placed at 
the end of this paper For the purpose of study and anal 5 ^is the cases 
have been divided into several groups 

Group I consists of six cases of cardiac disease, who, though now com- 
pensated, at one tune had congestive failure Therefore there can be no 
doubt that they had senous myocardial disease They are shown on the 
charts (Figures 1, 2, 3 and 51 as squares and m Table IV, numbers 24 to 29 
Group II IS composed of seventeen cases of hypertension whose cardiac 
condition appeared to be satisfactory (Figures 1 to 5, Table IV, numbers 
1 to 17) 

Group III is a mixed group of 22 cases including normal persons, 
cases of hyperthyroidism, anemia, functional heart disease, well com- 
pensated valvular heart disease, and two cases of angma pectons (Figures 
1, 2, 3, 5 and Table FV, numbers 19, 21, 30 to 49) 

The control group consists of Groups II and III considered together, and 
stands m contrast to the cardiac group The cases m Groups II and III 
are united by the fact that none of them has ever had congestive failure nor 
did any appear to be immediately threatened with it The umon of these 
two groups represents an attempt to gather together cases with normal 
myocardia, subjected to different types of strain The cases of angma 
pectons are mcluded m it because it was found that they did not differ 
significantly from the rest of the group All these cases have been 
placed in the figures as arcles 

The propnety of combining Groups II and III into a smgle group has 
other support In the relationship m which we are most interested, that 
of cardiac work and heart volume, the statistical cntena indicate that 
there is a well marked degree of correlation m both groups and that the 
regression lines are not significantly different for the two groups There- 
fore, it IS proper to combme them and this gives both an increased number 
of cases and a greatly mcreased range of cardiac size But m numerous 
other relationships as m Table III, item 2, the two groups are significantly 
different. Therefore, m the discussion of these relationships they will be 
considered separately and the data given m Tables II and III show 
both the relationships of the combmed group and that of its two com- 
ponent groups 

Four borderline cases could not be properly included in the above groups 
Two cases of severe hyperthyroidism, numbers 22 and 23, showed symptoms 
suggestive of threatened myocardial failure but had never actually become 
decompensated Number 20 was a case of severe gastnc hemorrhage who was in 
shock when tested In Case 50, one pair of deterrmnations was made dunng 
an attack of paroxysmal tachycardia The results on these four cases have 
been placed on the figures, the first three as circles, the last as a square. But 
they have not been included in the statistical analysis 

In three cases estimations were unsatisfactory because basal conditions were 
not attained Case 32 was a young woman who had the symptoms, appearance 
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and pulse rate -which sugRCstcd hyperthjToidum, but her basal metabolic rate 
had never been abnormal Her excitement during the determinapons man! 
fested itself by a larger increase in cardiac output than in metabolic rate 
Case 12 h> pervenulatcd, the alv colar COt falling to 2 per cent. Just after the 
first estimation on Case 9, acadental mictuntion exated the patient and the 
great Increase in cardiac work which resulted illustrates the strain which 
emotion may put on the heart of a patient mth hjTicrtcnsion These results 
have been omitted from the statistical analysis Thej have been charted in 
Figure I but have been omitted from the other figures 

The chief interest in our results lies in the considerabon of the groups 
of cases We selected these cases from di-vcrsc conditions in the belief 
that any relationship which held for all might be expected to be funda 
mental That such a relationship exists for the control group is illus 
trated m the figures and they will now be discussed m detail 

Figure 1 shows the relationship between the left -ventricular work per 
beat and the area of the cardiac silhouette Each of the duplicate 
determinations has been charted and no results have been onutted It 
will be seen at once that the great majontv of arcles representing the 
control group arc arranged about the line AB while the squares represent 
ing the cardiac group arc far distant The lines CD and EF define limits 
of the control group selected on the basis of statistical nnalj-sis Tlic 
lines GH and KL limit the deviations from AB whidi could be accounted 
for b> our estimates, by other than statistical criteria, of the errors inher- 
ent in our methods Both these sets of lines enclose most of the circles in 
the area between tliem Indeed the position of most of those outljung 
on the upper side may be explained by failure to attain the basal condi 
bon Those outlying on the low cr side represent cases w hose hearts may 
not be normal The squares he well outside these areas Thedevuabon 
of the values of the control group from the line AB may be explained ns 
due to the errors to which our procedure is subject, but the position of the 
V alues of the cardiac group cannot be so explained Therefore our results 
show that there is a definite relabonship between the heart's area and the 
basal cardne w-ork per beat m the cases not threatened with failure, 
whereas m cardiac cases this relabonship docs not hold 

Figure 2 diflcrs from Figure 1 in tliat cardiac volume has been substi 
tuted for cardiac area on the honzontal coordinate The values shown 
arc averages of the duplicate determinabons, and the unsabsfactorj 
results on the three cases menUoned above have been omitted The 
results again show the relabonship between heart sire and basal cardiac 
work per beat which exists in the control group, but docs not hold for the 
cardiac group 

Figure 3 dilTcis from the preceding figure in that left vcntncular work 
/NT minutf has been substituted for work per beat on the vertical coordi 
natc Though the relationship of heart si« and work still holds for the 
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control group it is not so close and there is more overlapping with the 
cardiac group than m Figures 1 and 2 



Canlldc Am (n Squaw Cire, 

Fig 1 Left Ventricular Work per Beat and the Area of the Cardiac 

Silhouette 

Each of the duplicate determinations has been charted The numbers refer 
to the cases as recorded in Table IV The values for the cardiac group (Group 
I), and the case of paroxysmal tachycardia in an attack, are recorded as squares, 
the remainder as arcles No cases have been omitted 

The line AB represents the best hne for the control group of cases, the 
regression of the work on the area Lines CD and EF have been placed at a 
distance of twice the standard deviation from AB, and define the approximate 
limits of this group as determined by statistical methods On the other hand, 
the hnes GH and KL hmit the deviations from AB which could be accounted for 
by[pur estimates, by other than statistical catena, of the errors inherent in our 
methods 
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Figure 4 has the same coordinates as Figure 2 but onlj the cases of 
hj'pertension have been charted This group is of especial interest be- 
cause of the great differences of heart size tshich occur within it. In spite 
of these differences the relationship between heart TOlumc and heart work 
per beat is very stnking and the figure has been given to illustrate this 



sooxesiotiNDueMimnNDnautsiocmtiw 
Ht®t Vsbtne m Cub* 


Fig 2 Lcft Ventricular Work ter Beat and Cardiac Voloue 

Tlic talucs charted arc the aAcropc of duplicate eatimalioiu The iiiiAitis 
factorj results on three cases ha\e been omitted fanes and 5>ml>ol« ns in 
Fig 1 

Figure 5 has been given for the sake of contrast w ith the other figures 
It has been customary to report the results obtained by cardne output 
methods in terms of output per minute per square meter of body surface 
Figure 5 shows the almost complete lack of relauonship between basal 
cardiac output per minute and body surface in our patients Tins w ill 
be discussed later 
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A summary of the statistical analysis is given m Tables II and III 
The former shows the means of the more important observations together 
with the standard deviation of the values from their mean Table III 



Fig 3 Left Ventricular Work per Minute and Cardiac Volume 

The values charted are the average of duplicate estimations The unsatis- 
factory results on three cases have been omitted Lines and symbols as in 
Fig 1 

gives the correlation coeffiaents which pertain to the more interesting 
relationships 

A more detailed account of the results and their significcince will be 
postponed until the general discussion of the problems before us 
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Volu ttw of Heart in b(ers-(Area m Square 

Fio 4 Lcrr VEVTRicmj^R Work ter Beat avd Cardiac Volume is 17 
Cases of IhrERTEVsios (Gnour 11 ) 

The lines pertain to the talucs charted 


7 
6 
5 
4 
J 
i 

I 

Fic S Cardiac Onrer tfr Misnnr and Bodv StRrAcr Affa 
S>mboI" as in hip I \o a cs hate been omitted The talues charted 
arc the averape of duplicate esumaUonj 


Cardiac Oufput 
biers hinufe 



IS 14 IS l* 17 16 t» 10 ti 

5urtxei“reo inSquoT Meters 




TABLE II 

Meaits, with standard deviations from the mean 
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TABLE III 


Corretaiion coejiiaenis 



Group 11 

17 otCE. 

1 lljrpertemtefl 

1 group 

Group III 

22 cues. ' 
1 iUrtd 

1 ertjop 

Groapi 11 + III 
30 diet, 
Cotrtrol 
croup 

1 Level of eipnificant coirclaUon 
(forP - 0 05)* 

048 

0 43 

1 

041 

2 Cardiac output per minute and 
body surface area 

000 

1 

0 4S 

0 25 

3 Cardiac output per minute and 
cardiac area 

0J7 

023 

0 43 

4 Cardiac output per minute and 
cardiac x'olume 

0 77 

0 42 

059 

5 Cardiac output per bent and 
cardiac volume 

0 91 

0 52 

051 

6 Cardiac output per minute and 
oxygen consumption 

0 75 

0 78 

0 6S 

7 Cardiac output per minute and 

\olamc of respiration per 
minute 

8 Cardiac output per minute and 

8^*stolic pressure 

0 31 

057 

0 31 

0 29 

9 Cardiac ^ork per minute and I 
cardiac area ! 

1 

0 64 1 

0 34 

0 69 

10 Cardne work per beat and car ' 
diac area 

1 

0 85 

053 

0 77 

11 Cardiac ^xirk per minute and 
cardiac \*olume 

0 73 

1 

0 48 1 

0 69 

12 Cardiac work per beat and car 
diac \t>Iumc 

0 85 

0 48 

0 76 


* Since the let cl of jigmficant correlation vanes mth the number of cases 
nc have accepted the approximations to significant let els given b> Fisher (31), 
Table SA 


Discussion 

The Kork of the heart and its rdationzhips 
Starting's “Law of the Ilearl" and tis extension to chnicat conditions 
The direct relationship between heart size and heart wtirk, in conditions 
in which the heart was functioning well, was demonstrated by Starling 
in expenments on the heart lung preparation The pnnciplc is sum 
manzed in his Linacrc Lecture (32) on tlie "Law of the Heart ’ There 
he speaks of the work of the heart ns a function of its volume, later, as a 
function of the active surface of the muscle fibres, and again, os a function 
of the length of the muscle fibres In a later paper (18) a figure (number 
5) shows that the relationship between diastolic vamtncular volume and 
work per hour is linear This has also been showai to be true of work per 
beat (IS) 

Our findings arc in complete accord with this hvpothesis lugurcs 
2 and 3 show that a similar relationship exists m die control group between 
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the work of the left ventricle per beat and per minute and the cardiac 
volume The correlation coefficients are 0 76 and 0 69 (Table III, items 
12, 11) By assuimng the pulmonary pressure to be one-sixth of the 
aortic pressure the relationship of the total cardiac work to the volume of 
the heart can be calculated but the correlation coefficients would not 
differ significantly from those given above Therefore we regard these 
high correlations as a demonstration that Starling’s “Law of the Heart” 
may be extended to clinical conditions 

Considerakoiis tnvolved in the employment of Starling's law to detect 
cardiac disease The results recorded m Figures 1, 2 and 3 show that m 
the clinic as m the heart-lung preparation the normal relationship does 
not hold for hearts which are threatened with failure This suggests 
that we have a means of detecting the hearts so threatened To attempt 
this It would be necessary to define the normal relationship between heart 
size and heart work, and espeaally to determme its linuts, so that one 
could tell whether the results of a given case fall within or without the 
normal [or abnormal] group 

Which of the relationships between the vanous aspects of heart size 
and heart work would be best for this purpose cannot be finally deter- 
mined Those illustrated m Figures 1 and 2, heart area and heart volume 
agamst left ventricular work per beat, seem most promising In each of 
these the control group has a high correlation coeffiaent, 0 77 and 0 76 
respectively (Table III, 10, 12) The lines representing twice the stand- 
ard deviation mclude our values for the control group and exclude those 
for the cardiac group m both instances In favor of the latter relation- 
ship is the expectation that the volume of the heart would be more closely 
related to the mass of cardiac muscle, and therefore a better function for 
companson with the heart’s work, than the silhouette area But any 
estimate of the volume of the heart from the three halves power of the 
area involves an assumption which is not always valid, for the antero- 
posterior diameter of the heart is known to vary independently of the 
silhouette area m some mstances By using the area this assumption is 
avoided On the other hand when the relationship J^etween heart work 
and area is studied it is found that the control group has lost its unity 
The cases of hypertension form a group distinct from the remainder , the 
slopes of the respective regression Imes are significantly different. When 
the cardiac work is plotted agamst the heart volume there is no such 
difference, so this relationship is to be preferred 

The mathematical definition of the normal heart size-work relationship 
and the detection of abnormality by means of it The question of the 
normahty of a given case could be answered by finding the position on 
Figures 1, 2, 3 or 4 of the point obtained by plotting the results, and 
detemunmg whether it fell within or without the normal area bounded by 
the dotted Imes CD and JSF The same answer could also be obtamed 
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by calculation from the equations of the regression lines, the normal 
limits being given by twice the standard deviation A third method 
might be found simpler by persons not accustomed to mathematica] 
calculations The lower limit of normality may be given by the equations 
for the loner limiting lines {CD) For avample 

(1) 0 061 (cardiac silhouette area m sq cm.)*'’ — (L V work per beat in 

gm meters) = 42 

Simplifjing the following equation by rounding out the slope from 
1 06 to 1 00, 

(2) (cardiac silhouette area in sq cm)— (L V work per beat in gm 

meters) 78 

Thus if the ATilucs found in a given case arc inserted in either of these 
equations and the result is greater than the figure given the probability 
IS about 97 5 in 100 that the case is abnormal with respect to myocardial 
function 

Tht Imilahons of Hits nteans of detecting, cardiac ainormahly This 
definition of the normal relationship between heart work and sire on the 
basis of a group of diverse cases united only by the absence of congestive 
failure,fmust not be considered as final Our results provide evidence 
that in one group, the cases of hypertension, it would be possible to apply 
more rigid entena Figure 4 shows the relationship between work per 
beat and volume in the seventeen cases of this group The correlation 
IS extraordinarily good, the coefficient being 0^5 (Table 111, 10) The 
standard dcaaation about the regression line is so small that the limits of 
normality can be more closely defined than in the entire control group 
Therefore, a slight diminution in the heart work sire ratio would place a 
case of hyTiertcnsion outside the normal zone These results suggest that 
the statistics of other groups of cases, i c thyrotoxicosis, rheumatic heart 
disease, etc,, might allow a more rigid definition of the normal and so per- 
mit detection of myocardial abnormality earlier m the course of disease 
This question cannot be answered till more data have been secured 

On the other hand it is not to be expected that the relationship of 
basal cardiac work and size would permit detection of all types of cardiac 
abnormality, exon if the methods should be greatly improxed Tlic 
result obtained in one case of angina pcctons (number 31) who later died 
of coronary thrombosi?, is near the center of the normal range Another 
case of this disease (number 2) al«o gave results within the normal limits 
Thov: obtained on the third (number 30) arc likcwasc normal but the 
csumation was unsatisfactory liccausc the patient hyqicrvcntilatcd 
So we find that the condition of the heart in these patients is different 
from that of the cases threatened wath decompensation This finding is 
consistent watli the dixaure clinical courses of these two types of cardiac 
disease 

3 
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The cardiac output and its relationships 

To consider the relationships involving the heart’s work is to con- 
centrate attention on the condition of that organ But the cardiac output 
IS of importance to the rest of the body, because the blood supply of tissues 
other than the heart (19) depends on its magnitude Therefore, m rela- 
tion to metabolism and body size cardiac output is of chief interest, 
but in relation to heart size the output is of less interest than is the heart’s 
work 

Cardiac output and cardiac size In the control group the cardiac 
output IS significantly related to the size of the heart, but the correlation 
is not as good as in the corresponding work relationships, except in the 
hypertensive group (Table III, 3 to 5, 9 to 12) This scattenng of normal 
results interferes with the detection of cardiac abnormality by this 
relationship 

Cardiac output and body surface area Our estimates of the cardiac 
output per mmute per square meter of body surface, the usual method 
of reportmg results, are shown on Figure 5 There is complete lack of 
correlation among the cases of hypertension The mixed group shows a 
correlation which is just significant A factor m this lack of relationship 
may be the close correlation between cardiac output and metabolism in 
both Groups II and III When the metabolism deviates from the 
expected basal level m disease a corresponding change m cardiac output 
usually takes place, so that the normal relationship of cardiac output to 
body surface is lost 

The average cardiac output per minute, and this value per square 
meter of body surface (Table II, 1, 2) are both lower m the cardiac than 
in the control group but we have not yet obtamed sufficient evidence to 
determine whether the difference is significant Certam patients with 
advanced myocardial disease have larger cardiac outputs than some 
normal persons Therefore, these values throw little light on the con- 
dition of the heart 

Cardiac output and oxygen consumption Of more interest is the 
relationship between cardiac output and oxygen consumption, stressed by 
previous investigators as a result of studies on normal persons at exerase 
(20) and at rest (7) In our control group the correlation is good, the 
coeffiaent bang 0 65 (Table III, 6) , when Groups II and III are considered 
separately it is even better From this relationship the artenovenous 
oxygen difference can be calculated In the cardiac group the amoimt 
of the artenal oxygen taken up by the tissues is 61 pa cent, or 11 volumes 
pa cent, m comparison with 41 pa cent or 7 6 volumes per cent m the 
control group Therefore the oxygen tension of the tissues m our cardiac 
cases must be Iowa than in normal persons Analysis of artenal and 
penpheral venous blood has also demonstrated the mcreased arteno- 
venous oxygen diffaence m cardiac disease (21) Lack of oxygen bemg a 
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cause of increased permeability (22) this may well be a factor in the 
production of edema in such cases 

Our value for the artenovenous ovj’gen difference in the control group 
IS Eomenhat larger than that obtained by certain other investigators 
However, our mean value for eight normal young adults, 6 volumes per 
cent, agrees with that found by Grollman in similar subjects (7) using 
the acetjlene cardiac output method, while that of the whole control 
group IS -very similar to the values found by Prodger and Dennig (23) 
using the same method The smaller arteriovenous differences found in 
patients by cardiac puncture (24) , (25) , are probably not comparable witli 
results obtained in the basal state for the patients were doubtless cxated 
by this procedure. The differences between our results and those ob- 
tained in cxpenmcnts in which the oxygen tension of mixed venous blood 
was calculated from rebreathed gas mixtures presumed to be in equilib 
num with it (26), may be due to the fact that the slope of the ox> hemo- 
globin dissoaation curve is so steep at this point, that a slight error would 
make a large difference in the calculated result 

Data bearing on certain climcoi conditions 

Hypertension The results obtained on the seventeen cases of hjTicr- 
tension deserve special consideration Tliey disclose that the cases wntli 
small hearts ha\ e a smaller basal cardiac output than those with large 
hearts In some cases the output per minute is smaller than m many 
normal persons, as has been demonstrated by others (24, 27) This 
reduced cardiac output permits the mamtenance of hypertension without 
an increase in the heart’s basal work When the basal cardiac work is 
not elevated, the heart is not enlarged When it is elevated, the amount 
of enlargement is closely proportional to the increased work. 'Therefore, 
our findings are consistent with the well known conception that cardme 
hj'pcrtrophy is analogous to that which occurs in skeletal muscles after 
increased work. 

The failure of three of our cases of prolonged hj^pcrtcnsion (numbers 4, 
14, and 16) to det'clop evndcncc of cardiac hypertrophj ma> be attributed 
to the reduced cardiac output, an adaptation wliicli spares the heart, 
though perhaps at the expense of other tissues This furnishes a possible 
explanation for tho'c cases of hjTKrtcnsion who show no cardiac hyper- 
trophj at nccropsj , (28) This explanation is consistent with the well 
known fact that cardiac failure is less likclj to occur in cases of hjiicr- 
tcnsion with small than with large hearts 

In sinking contrast to the dose correlation between heart work and 
heart size in our cases of hjTieitension, is tlie complete lack of relationship 
bctwtjen cardiac output and body surface area in these cases (Table 111, 
9 to 12 and 2) 
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In cases of hypertension the heart conforms to Starlmg’s Law much 
more closely than is the case m normal individuals This suggests that, 
when the heart is imder stram, the basal cardiac work is determined 
chiefly by the mass of muscle But when cardiac reserve is unimpaired, 
the basal cardiac work is more mfluenced by extracardiac factors 

Funchonal heart disease, hyperthyrcndism, anemia, and paroxysmal 
tachycardia In the other clmical classes the number of cases is too small 
to permit any generalizations, but certam of the results deserve comment 
The four cases of functional heart disease are characterized by a low 
average cardiac output, both absolutely and per square meter of body 
surface In this they resembled the cardiac group with which they have 
so many symptoms in common Their artenovenous oxygen difference, 
50 per cent or 9 2 volumes per cent, was midway between the control and 
cardiac groups The relationship between basal heart work and size 
was not abnormal because they had smaller hearts than normal 

Two of the three cases of hyperthyroidism had a slightly increased 
cardiac output per square meter of body surface, even though they were 
taking iodine This feature of hyperthyroidism was first demonstrated 
by Liljestrand and Stenstrom (29) 

The two cases of anemia did not show the increased cardiac output 
which we expected Both of them appear to have reduced then basal 
metabolism to a pomt where a normal cardiac output will carry the 
necessary oxygen In one of these patients starvation may well have 
been the cause of this decrease This method of compensatmg for anemia 
IS not that usually described 

The one case of paroxysmal tachycardia showed far less cardiac work 
per beat dunng the attack than afterward, a finding similar to that of 
Barcroft, Bock and Roughton (30) Unfortunately, no orthodiagram 
could be made durmg the attack, the patient could not stand In 
charting the results it has been assumed that the size was unaltered 
This decrease in work durmg the attack is perhaps analogous to the 
decrease of cardiac efflaency which occurs m the heart-lung preparation 
when the rate is mcreased (18) 


Summary 

(1) Duplicate detenrunations of cardiac output and metabolism, 
repeated estimations of blood pressure and pulse rate, and orthodiagrams 
have been assembled m fifty mdmduals These estimations were per- 
formed on fastmg subjects lying at rest, after a prolonged rest penod 
Those tested mcluded apparently normal persons, patients who had 
recovered from congestive failure, and patients with some circulatory 
abnormality but not immediately threatened with failure, viz thyrotoxi- 
cosis, hypertension, anenua, angma pectons, compensated valvular dis- 
ease and functional heart disease 
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(2) WTien the basal work of the left heart of these subjects is plotted 
against the volume of the heart or the area of the cardiac silhouette the 
points representing cases not threatened \nth failure are found to be 
arranged about a straight line On tlie other hand the points representing 
cases threatened inth failure are outside the limits of the normal cases 

(3) We regard our results as c\ndence that Starlings “Law of the 
Heart” holds for the basal cardiac work in diverse clmical conditions as 
n ell as for the heart lung preparation Paraphrasing his words we may 
say, "Wthm physiological limits the larger the size of the heart, the 
greater is the energy of its contraction " And as a corollary, when the 
work of any heart is not commensurate with its size, that heart is threat- 
ened with failure 

(4) On the basis of a diverse group of cases believed to have normal 
myocardia we have made a preliminary estimate of the normal relation- 
ship between heart work and size Charts and equations are submitted, 
by which the question of the normality of any case may be decided 

(5) The relationship between heart size and heart work per beat was 
especially stnking in 17 cases of hypertension Those with hearts of 
normal size, by reduang cardiac output, maintained their hypertension 
without greater expenditure of cardiac work than normal persons The 
cases with large hearts were perfoiming mcreased work. Considering 
increased cardiac work as cause of hjTiertrophy m the latter group, its 
absence will c.xplain the absence of hiTiertrophy in the former 

(6) The cardiac output was directlj related to the metabolism in the 
cases not threatened wath failure The artenovenous oxygen difference 
was much smaller in these cases than in those who had been decompen- 
sated The cardiac output was related to the size of tlie heart, but, as a 
rule, not so closely as was the cardiac work. There was a surpnsing lack 
of correlation between cardiac output and bod> surface area m cases of 
hypertension , the remainder of our control cases showed correlation abova 
the level of significance 

(7) Altliough the errors in estimating basal cardiac output or work arc 
undoubtcdl) large, the difTcrenccs found in clinical conditions arc so 
much larger that the results, properly interpreted, have clinical sig 
nificancc. 
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THE TREATMENT OF AGRANULOCYTOSIS WTH 
ADENINE SULPHATE » • 

Br PAUL RE2N1K0FF 

(From the Department of IMIctne Cornell Datrersity STedica! CoHece and the Second 
Medical (Cornell) Dtoision BeUerue Hospital, Neso 1 ork CUy) 

(Rccei\t!d for publication August 2 1932) 

On December 20, 1928, a young physiaan suffering from agranu 
locytosis was given the salt of a punne base, adenine sulphate, mtra- 
vcnousli' and recovered promptly (1) This, as far as can be ascertained, 
was the first time such a substance had been tned for this condition Its 
use was prompted by the fact that previous animal experimentation sug- 
gested that punne salts, and some of the substances from which punnesarc 
denved, seemed effective in increasing granulocytes m the penpheral blood 
stream (2) (3) (4) Sinccthcfirstreport(l)ofitsusc,adeninesulphatehas 
been given by us, or its administration reported to us in 35 cases 

Of these patients, IS were definitelj diagnosed as ha^^ng had "pn- 
marj’" agranulocytosis, showing a marked diminution of granulocytes 
with or without inflammation of the pharynx, 8 showed agranulocytosis, 
either charactcntcd by senous complications or occunng in the course of 
some other illness and 12 individuals had some definite condition otlier 
than agranulocytosis and the depression of granulocytes was cither 
inadental or occurred as part of the general picture 

Most of these patients were treated rather caubously with what was at 
first considered adequate dosage With more cxpcnencc, especially w ith 
respect to the rcIat^^e non toxicity of the adenine salt, we now use ns the 
present dosage for an adult 1 gram boiled in 35 or 40 cc of physiological 
saline, administered intratcnously, sufficiently warm to pieient pre- 
apitabon, 3 times a daj for at least three days Exan this is probably 
not a maximum dose, but in most patients who responded faxorably it 
was found that watli such quantities distinct improxament occurred in 
sjanptoms, in dcchne of fexar and in increase of granulocydcs wnthin 48 
hours, frequently within 24 hours As much as 10 4 grams have been 
given to a patient wathin 7 days wath no ill effects It is necessary to 
emphasize this question of dosage to arnve at a proper cxailuation of the 
results to be reported 

' Acl.nowl«lgmcnt is made to the physiaani whose name* appear in the 
tables, and who permitted us to u«e the results which are given in this study 
• Adenine sulphate has been obtained from the Eastman Kodak Company of 
Rochester, New YorV 
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Table I summanzes the results obtained with a group of IS patients 
who suffered from what might be termed agranulocytosis "vera,” 
because they showed the classical signs and symptoms of this condition 

The results obtained in treating this group give a total recovery rate of 
73 per cent which is about the same as that obtained by Jackson (5) with 
the more complex nucleotide A more detailed analysis of these cases 
shows that of the four patients who did not recover, three died within 15 
hours after the administration of adenine sulphate was begun, and the 
fourth within two days This last patient was given a transfusion and, 
what IS even more significant with respect to a depressing effect on the 
bone marrow, neosalvarsan intravenously One of these fatal cases 
received a transfusion of 900 cc of blood and salvarsan In two of these 
fatal cases only 1 dose of 0 5 gram of adenine sulphate was given , in one, 2 
doses of 0 5 gram , and m one, 3 doses of 0 8 gram It should also be 
pointed out that three of the patients who recovered showed improvement 
as far as appearance of granulocytes was concerned, before adenme 
sulphate was adrmnistered This is a very significant observation 
because in evaluating adenine sulphate therapy it is essential to keep 
constantly in mmd the possibility of spontaneous recovery Of the 
patients who recovered, almost all showed evidence of response to 
adenme sulphate withm 24 hours after the administration of the purme 
salt, as evidenced by the beginning increase in granulocytes, drop of 
temperature and symptomatic improvement, and most of the patients 
demonstrated very distmct improvement within 48 hours This quick 
reaction is important, of course, because of the acuteness of the disease 
It IS not the purpose of this paper to analyze the individual cases, except 
as IS necessary to follow the therapy, but attention should be called to the 
low initial total and polymorphonuclear counts of most of the recovered 
patients 

The second group of 8 cases (Table II), includes patients m whom the 
diagnosis of agranulocytosis was questionable, or in whom what imght 
have been either the pnmary diseaise or senous complications of agranu- 
locytosis donunated the picture The disease did not represent a clear 
cut clmical entity, and all that can be definitely stated is that a blood 
picture of agranulocytosis was present The possibility must, of course, 
be considered that this group of cases represents a late stage of the 
tjqncal agranulocytic condition from which the patients have not re- 
covered qmckly, either as a result of therapy or spontaneously Only one 
patient of this type recovered after adenme sulphate therapy In this 
group, therefore, the recovery rate was one out of eight An analysis of 
Table II show’s that 3 patients had marked anemia, two had marked 
Umphadenitis, one suffered from multiple bone marrow abscesses of 
pneumococcus ongm and septicemia, two had cardiac failure, one had 
pulmonary" edema, m one there was a question as to whether the diagnosis 
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• Bcfori nfJcninc sulphate \\^s fpvcn, patient had transCusions, x ray, intramuscular whole blood, leukocyte extract with 
no response One week after rcco\cry patient dc\ eloped lar^nRcal obstruction had tracheotomy developed leukocytosis 
anil poI> nucleons and had fatal hemorrhage at site of tracheotomy Count before suflfocation, white blood cells 43,000, 88 
per cent poljmorphonuclears 
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was not really aleukcnuc leukemia, one had necrosis of the jaw, and one 
patient shon’cd cellulitis of the neck, necrotizing bronchopneumonia, and 
chronic cholecystitis and cholelithiasis In addition to adenine sulphate 
4 of these patients received transfusions, one, x ray therapy, and one 
nucleotide. Of the patients who died only one received more than 2 0 
grams of adenine sulphate This patient (H H ) had a total of 8 5 
grams given to her over a penod of two months, and at one time her 
count rose to 4,300 leukocj'tes wath 60 per cent polymorphonuclear cells 
Table III presents the results obtained wath adenine sulphate in 12 
patients who suffered from some disease other than agranulocytosis but 
in whom agranulocytosis developed dunng the course of illness or was a 
concomitant finding Of these, 3 patients suffered from aleukemic 
leukemia, S from lues and anti luetic (arsenicals) therap> , 1 from a 
mastoid infection, 1 from caranoma of the prostate, 1 from generalized 
abdominal carcinomatosis, for which she had received radiation therapy , 
and 1 from staphylococcus septicemia Aleukemic leukemia was in- 
cluded in this group for the following three reasons (o) because of a 
report of a possibly successful outcome with nucleotide (6) , (&) because in 
some of these cases agranulocytosis was diagnosed and treatment com 
menced before the true condition was apparent and (c) because in a stnet 
sense this condition is certainly accompanied by some degree of granu- 
locytopenia The cases of arsphenamine poisoning really should be 
classified as aplastic anemia or probably acute myclophthisis since all 
blood elements are mvolvcd Here agam agranulocytosis is part of the 
picture Tins problem of classification has been thoroughly discussed by 
Rosenthal (7) and by Roberts and Krackc (8) In this senes the recotery 
rate wnth adenine sulphate therapy was one out of twelie The patient 
who recovered was a child who subsequently had a relapse after his 
operation for mastoiditis After a single dose of 0 3 gram of adenine 
sulphate and transfusions, the child’s count rose from 1,400 leukocytes 
and 6 per cent polymorphonuclcars to 6,900 leukocytes and 60 per cent 
polymorphonuclears Adenine sulphate w as not administered dunng the 
relapse, and he was treated only by transfusions After the relapse the 
patients count vaned from 1,200 leukocytes to 1,000 leukocytes and 
showed 0 per cent polymorphonuclcars despite frequent transfusions 
The patient suffenng from staphylococcus septicemia had a nsc of 
leukocytes from 2 000 to 29,600 and of polymorphonuclears from 2 to 94 
per cent m 6 days but died 4 days later The patients suffenng from 
aplastic anemia following arsphenamine therapy and those suffenng from 
aleukemic leukemia showed no change m blood count following the 
ndmmistration of adenine sulphate. 


TABLE III 

Agranulocytosis complicating other conditions 
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DISCUSSION 

The subject of agranulocytosis has been re\newcd so often recently 
that it n ould be superfluous m this limited study on therapy to discuss the 
condition in detail It should be pointed out that probably the first case to 
be described -was that by an American, Brown (9) in 1902 Schwarz 
m 1904 (10) and Tflrk (11) m 1907 published case reports, and in 1922 
Schultz (12) first described the syndrome of agranulocytosis m some 
detail However, there is justifiable doubt concemmg the adtTsability of 
classifying this condition as a clinical entity Hartwich (13) has sum- 
manzed the evidence recently and his conclusion that agranulocytosis is a 
symptom complex which mirrors a constitutional infenonty of the bone 
marrow seems to be the most acceptable viewTXiint at present 

Aside from the symptomatic treatment, the chief methods of therapy 
tned m any considerable number of cases of agranulocytosis arc, (a) 
radiation, (6) transfusions and (c) punne or nucleotide therapy These 
latter chemicals are grouped together because in all probability the active 
pnnople m them is the same The chief exponents of radiation therapy 
arc Fncdcmann and Elkcles (14) Taussig and Schnoebelcn (IS) and 
Gager and Speer (16) also reported a small number of cases In 1928 
Fncdemann (17) reported that 6 of 10 patients, 60 per cent, treated by 
X ray recot cred In 1930, Fncdemann and Elkcles (14) reported a total 
of 43 cases wtli recotxuy of 13, 30 per cent. Howetcr, they pomt out 
that 23 of these patients had sepsis or pneumonia Therefore, x ray 
therapy has been followed, in uncomplicated cases, by a recot cry rate of 
65 per cent- If the further deduction of 5 is made for the patients who 
died within 36 hours after onset of treatment, the recot cry rate with 
radiation is raised to 87 per cent Eton if such deductions are per- 
missible, the chief cautions to be observed, in evaluating this method of 
therapy, ore the time clement that must clap^ in these very acute cases 
before the supposed eflect of radiation is manifested, and the absence of 
proof that radiation actually stimulates granulocytopoicsis If radiation 
stimulates the granulocytic elements of the bone marrow bv contiguous 
Iiyyicrcmia or fixed tissue cell proliferation, subsequent atrophy of the 
granulocy'tcs may result That this is not entirely a theoretical objection, 
is suggested by a study of two of the cases reported by Taussig and 
Sclmocbclcn (15) The patients had an acute relapse after recovery from 
an attack in which radiation was used ns a therapeutic measure Radi 
ation was completely ineffective in the relapse 

Transfusions arc given constantly in agranulocytosis although no 
extensive senes of ca^es treated by this mctliod, has been reported As 
far as is known, transfusions or intramuscular injections of blood have 
never been shown to stimulate the production of polymorphonuclear 
leukocytes Hartwach (13) advocates its use solely for ns cA 
temperature Our c-xpcnencc suggests that a large tra* ' ‘ 
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actually depress the bone marrow (1) Small transfusions may be given 
but there is certainly no evidence that this method of therapy is of 
speafic value 

The use of adenine sulphate and nucleotide has been shown to be 
effective in more than 70 per cent of uncomplicated cases of agranu- 
locytosis (5) (18) Although adenine sulphate has the disadvantage of 
being less soluble than nucleotide, it has been given at least 150 times with 
only two reports of rmnor constitutional reactions Moreover, it is a 
simpler cheimcal product than nucleotide, and when effective, it produces 
some improvement in 24 hours and a distinct return towards normal in 48 
hours Salts of adenine, which are much more soluble, such as the 
lactate, the acetate, and the chloracetate of adenme, have been given to 
rabbits, and found to be non-toxic when administered either intravenously 
or intramuscularly The climcal study of these more soluble adenine 
salts in agranulocytosis will soon be undertaken 

It must be emphasized that in a disease such as agranulocytosis 
spontaneous recovery is so common that any evidence such as has been 
reported m this study may be only circumstantial Production of 
expenmental agranulocytosis, more nearly simulating the disease than 
has been done in the past (19) (20), is essential before more definite proof 
of the value of therapeutic agents can be established 

CONCXUSIONS 

1 Adenine sulphate therapy in 15 uncomplicated cases of agranu- 
locytosis has been followed by recovery m 11 of the patients 

2 In severely complicated cases of agranulocytosis or in aleukenuc 
leukerma and aplastic anenua, adenine sulphate has not been effective in 
the doses used in this study 

3 One gram of adenme sulphate boiled m 35 to 40 cc of saline, given 
warm, mtravenously three times a day, for at least three days for an 
adult, IS nontoxic, and is suggested as the dose in treating agranulocytosis 
in adults 

BIBLIOGRAPHY 

1 ReznikofT, P , J Clin Invest., 1930, ix, 381 Nucleotide Therapy in 

Agranulocytosis 

2 Ames, D , and Huntley, A A , J A M A , 1897, xxix, 472 The Nature of 

the Leucocytosjs Produced by Nucleinic Aad A Preliminary Experi- 
mental Study 

3 Doan, C A , Zerfas, L G , Warren, S , and Ames, 0 , J Exper Med , 1928, 

xl\'u, 403 A Study of the Mechanism of Nucleinate-induced Leucopemc 
and Leucocytic States, wuth Speaal Reference to the Relative R61es of 
Li\er, Spleen and Bone Marrow 

4 Reznikoff, P , J Clin In\esL, 1928, vi, 16 Expenmental Leukocytosis 

and Leukopenia 

5 Jackson, H , Jr , Parker, F , Jr , Taylor, F H L , and Rinehart, J , 1932, 

47thMeetingof the Assoc, Am Physiaans, Atlantic City, May 4th The 
Treatment of Malignant Leukopema wnth Pentose Nucleotides 



rAUI. REZNIKOFF 


53 


6 Jacl^n, H,Jr Parker, F Jr Robb, G P , and Curtis, H,, Folia haemal 

1931, xliv 30 Studies of Diseases of the Lymphoid and Mjeloid 
Tissues Ilf A Case of Acute Leukemia with a Five Months’ Re 
mission 

7 Rosenthal, N , Am J Clin Path , 1931, i, 7 Hematolopcal Aspects of 

Agranulocjtosis and Other Diseases Accompanied by Extreme Leu 
kopenia 

8 Roberts S R , and Kracke, R R , Ann Int. Med , 1931 v, 40 Agranulo- 

cytosis Its Classification Cases and Comments Illustrating the 
Granulopenic Trend from 8,000 Blood Counts in the South 

9 Brown, P K Am Med , 1902 lu, 649 A Fatal Case of Acute Primary 

Infectious Pharyngitis with Extreme Leukopenia 

10 Schwarx E , Mitt, d GcscHsch f inn Med u Kinderh , 1904, iit, 190 

Ein Falle \on extremer Lcukopenie 

11 TOrk, \V , Wien khn Wchnschr , 1907, xx, 1S7 Septische Erkrankungen 

bei VerkQmmerung des Granuloiy tensystems 

12 Schulta, W , Deutsche med Wchnschr 1922, xlviii, 149S Ueber eigen 

artigc Halserkrankungen, (a) Monocytcnangina 

13 Hartwnch, A Ergebn d Inn Med u Kinderh , 1931, xli, 202 Das 

Krankheitsbild dcr Agranulocytose 

14 Fncdemann U , and Elkelcs, A Deutsche med Wchnschr , 1930, Ivi, 947 

Die Rocntgcnbehandlung der Agranulozytosc. 

15 Taussig A E , and Schnoebeten PC JAMA 1931, xctni, 17S7 

Roentgen Treatment of Agranulocytosis 

16 Gager L T and Speer, A J , Am J Roentgenol , 1932 xxxii, 40 The 

Roentgen Treatment of Agranuloc> tosis 

17 Fnedemann, U , Ztschr f Uin Med , 1928 cvm S4 Angina Agranulo 

cytouca 

18 Kracke, R R , Personal Communication Review of 350 Cases of Agran 

ulocytosis. 

19 Kracke, R R , Am J Clin Path , 1932, ii, 11 The Experimental Produc 

tion of Agranulo^osis 

20 Fned, B M , and Dameshek, W , Arch Int. Med , 1932, xlix, 94 Expert 

mental Agranuloc> tosis I nfection of Rabbits wath Salmonella SuipcsUfer 
b> Way of the Blood Stream 




STUDIES IN SO-CALLED WATER INTOXICATION 

nv FRANCIS SCOTT SMYTH WILLIAM CALLAHAN DEAMER 
ANB MLKANTH M FHATAK* 

(From Ihe Deparimenl of Pcdtalrtcs andlhtGtorne n-illiams [Tooptr Foundalionfor IfeJical 
Rrsearch, Uttmrstly of Cattfomia ifedtcal School, San Francisco) 

(Received for publication July 20 1932) 

INTRODUCTION 

Water retention and hydremia have attracted considerable attention in the 
last decade In 1921 Miller and Williams (1) reported observations on three 
paoents with hypertension and nephritis nho were given 5 to 10 liters of water 
in 24 hours by Rehfuss tube. Two of these patients developed headache, ditzi 
ness general depression, increased blood pressure and cramps in the legs The 
third pauent developed no such symptoms presumably because of extremely 
rapid elimination of water by the iadneys 

The followung year (1922) Weir, Larson and Rowntrec (2) reported observa 
tions on patients with diabetes insipidus In these patients unnaDon had been 
suppressed with pituitary extract while they continued to tahe their customary 
large amounts of fluid Headache nausea and vomiting resulted Further 
observadona were carried out on animals Asthenn, salivation, vomiting, 
tremor, muscular twitching ataxia, conv utsions, coma and death occurred w hen 
large amounts of distilled water were given by stomach tube, both with and 
without pituitary injections Dilution of the blood could not be demonstrated 
in either the patients with diabetes insipidus or in the expenmental animals 
The total nitrogen and chloride content of the plasma usually decreased slightly 
after the onset of symptoms These Investigators failed to find an explanation 
of the symptoms m edema of the brain, increase in blood volume or significant 
blood pressure change 

Rowntree (3) continued the investigation and in 1923 reported that the 
svndrome of water intoxication had been produced in dogs, cats rabbits and 
guinea pigs lie found that intravenous salt solution prevented as well ns 
cured the syndrome which could not be produced by rectal administration of 
water or by an equal amount of normal saline giv cn orally An increased intra 
cranial pressure was demonstrated in one animal at the time svmptoms dev cl 
oped and a subsequent autopsy showed whvt was considered to be ' increase of 
fluid within the brain substance Rowntrec concluded that ‘ water intoxica 
lion IB accompanied by and is probably due to, increased intracranial pressure 
this in turn is probably a manifestauon of disturbance in the water salt equilib* 
num of the central nervous system 

About the same time Mo^s (4) in England desenbed the loss of large amounts 
of chloride in colliers by sweating The miners cramp which sometimes 
devclojved in these men he attributed to this loss and the coincident excessive 
wvter intaLe He wvs able to prevent cramp and fatigue assiaatcd with it by 
the administration of chlonde 
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The same year Weir (5) reported that the patients with diabetes insipidus he 
had studied djd have a dilution of the blood which accounted for the slight 
reduction of plasma chlonde 

In 1924 Greene and Rovmtree (6) reported that they had also found in their 
expenmental animals a definite dilution of blood as shown by reduction of serum 
protein, increase in plasma volume, and decrease in hemoglobin, but that the 
decrease in blood chlonde often exceeded that expected from the degree of 
dilution The possibility that this was due to loss of chlonde by diuresis was 
ruled out as the decrease in blood chlonde was quite as marked in the animals 
wath oliguna or anuna as in those w'lth the most marked diuresis 

Contrary findings were reported by Underhill and Salhck (7), who, while 
agreeing that the blood became diluted and that the magnitude of the blood 
chlonde reduction exceeded the degree of hemodilution, claimed that a large 
amount of chlonde was lost in the unne They concluded that “the loss of 
tissue salts with consequent disturbance of the water-salt equihbnum of the 
body constitutes an important factor in the mechanism of water intoxication ” 
In 1927 Greene and Rowntree (8) confirmed their previous reports and 
added that "a trace of chlondes is present in the vomitus but this is incon- 
siderable by companson wnth the changes in the body as a whole ” 

Misawa (9) using rabbits and the same expenmental procedure as Rowntree 
demonstrated that in water intoxication there was a reduction of chlonde in all 
the tissues of the body save the liver, as w'ell as in the blood The reduction 
was greatest in skeletal muscle where it amounted to a loss of 51 per cent and it 
averaged 20 per cent in other tissues, except in liver where a 10 per cent increase 
occurred There was an increase in the water content of all tissues examined 
This amounted to 2 per cent in brain, 4 per cent in muscle, and was highest, 5 per 
cent, in the liver Misawa claimed that the concentrabon of chlonde in the 
unne increased with the progress of the intoxicabon Hemolysis and death 
appeared if w'ater administrabon was conbnued after convulsions appeared 
He considered that the symptoms of water intoxicabon were not due chiefly 
to water retenbon in the bssues or hydremia, but were much more dependent 
on the marked reducbon of inorganic salts in the bssues and lowenng of the 
molecular concentrabon of the serum 

Harding and Hams (10) have more recently repeated the expenments of 
Row ntree, particularly tesbng the effect of intravenous hypertonic urea solubon, 
which they did not find of defimte therapeubc value They believ'e that the 
conv'ulsive seizures of w'ater intoxicabon occur when the retenbon of water has 
reached a cnbcal value of 60 to 70 cc per kilogram 

Clinically, McQuame (11) and Fay (12) have shown that epilepbc con- 
vulsions are aggrav ated by the retenbon of water McQuame (13) emphasizes 
particularly the changes in mineral balance which occur dunng the period of 
w ater retenbon in epilepbcs 

EXPERIilENTAL PROCEDURES 

Our own expenments were started in August 1930 Dogs, which had not 
been fed after 11 00 A M of the prevnous day, were used Disblled water was 
administered by stomach tube at half hour intervals, in amounts varying from 
20 to 75 cc per kilogram of body weight. In the first expenments, however, 
50 cc per kilogram were used, as in Rowntree’s procedure An inibal blood 
speamen was taken before the admimstrabon of water was started and a final 
speamen at the end of the expenment. Water administrabon was conbnued 
until defimte toxic symptoms, and, in many cases, convulsions occurred 
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Occasionally this required only 3 to 4 hours, but nath larger animals a 7 or 8 
hour period usualli elapsed b^ore the cons ulsts e state was reached 

The blood nas taken from the external jugular %ein Part of the sample 
was discharged under oil with oxalate while with a second sjTinge blood was 
obtained w ithout an anticoagulant for the sedimentation tube and fragilitj test, 
and serum for total base, protein and calaum Hemoglobin and hematocrit 
measurements were made wth blood obtained directly from the needle 

In the earlier expenments the urine and s omitus were collected and measured 
together ns had been done by previous workers In the later experiments these 
exereta were collected and analysed separately 

In addition to the chemical studies data on sedimentation, hemoglobin and 
red blood cell count and sire have been collected Fragility testa w ere also made 
in many expenments At this time only observations on the chemical changes 
and their interpretation are presented 

The chemical methods used were the following blood chlonde. Van Slyke 
(14) blood sugar, Folin and \Vu (IS) nonprotein mtrogen, Folin and \Vu (16) 
CO» content. Van Slyke gasometne (17), pH, Hastings and Sendroy bicolon 
metnc(18) morgamc phosphorus, Fiske and Subbarow (19) inorganic sulfates 
Wakefidd (20) urea, LeibofT (21) lactic add, Fncdemann (22) serum albumin 
and globulin, Greenberg a modification of Wu's method (23) total base, Stadie 
and Ross (24) urinary and gastne chlondcs, Harvey (25) 

ENTERIltENTAL REStJETS 

The dogs, for the most part, mongrel or street types, varied con- 
siderably m clinical response. Some high strung apprehcnsixc animals 
(eg fox terriers) developed convulsions more readily than more staid 
types In general, the younger and smaller dogs were more unstable 
It was found that the animals which wmited early and frequently became 
toxic sooner, exhibiting at first tremors and ataxia, then prostrapon and 
convulsions The effect of intravenous salt solupon in allaying these 
s> mptoms was, in most instances, spectacular and practically immediate 
In some expenments intrax cnous urea was tned but was without effect 
even when given for several days previous to the expenment as well as at 
the appearance of conxnilsions The hemoglobin and hematoent show 
more diluPon of the blood after 20 to 26 cc of water per lalogiam every 
half hour (expenments 2 and 3, Table I) than after 75 cc. per kilogram 
ctcry half hour (expenments 4 and 5, Table 1) Even in the same animal 
and with the same dosage of water (expenments 4 and 5, Tabic I) the 
hcmodilution is not the same. Although the blood dilution was greater, 
clinical manifestaPons were less marked and convulsions wxre provoked 
with more difhcultj with the smof/cr amount of water Weight increase 
which has been stressed by Harding and Hams (10), is notarcliableindex 
of the amount of water absorbed by the blood or body tissues. In expen 
ment 2 (Table I) the weight change indicates a marked water retenpon, 
and hemoglobin and hematoent a hemodiluPon, yet there is little clinical 
exadcncc of intoxication In expenment 5 (Table 1) with a marked in 
crease in weight and little or no hcmodilution, convulsions occurred. 
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As this IS the only experiment in i\hich the cell chtondc rose, we suspect the accuracy of our figures in this case 
A Initial salucs, B «• Final values. t " Estimated t “ Approximate 
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Obviously it would be misleading to assume hemodilution in the latter 
case from the increase in weight alone From postmortem examinations, 
we are inclined to think that considerable water may be found in the 
gastro-intestmal tract, which, while mcreasmg the weight of the animal, 
does not augment the water content of the body tissues or blood 

The most consistent change in all reports is the fall in blood chloride 
From hematocnt, whole blood and plasma chlonde determinations, the 
cell chlonde content could be approximated The average mitial value 
for the latter was 335 mgm NaCl per 100 cc of cells, but deternunations 
fluctuated from as high as 450 mgm to as low as 185 mgm In the same 
group the initial plasma chlonde fluctuated from 680 to 498 with an 
average of 595 The change in cell volume is unrelated to the chlonde 
loss, since the latter may be considerable when there is little change in 
hematocnt (expenments 11 and 14, Table I) and less marked when there 
has been qmte a drop in cell volume (expenment 2, Table I) These 
findings are consistent with those of Gram (26), who found no evidence 
that the chlonde concentration in the corpuscles rose or fell with the cell 
volume 

TABLE 11 


Experiment 1 — 50 cc distilled water per kilo body weight every half hour from 10 A M to 

4PM 


Specimen 

Hemoglobin 

Sahli 

COt 

Whole blood 
chlorides 

Remarks 

I, 10 A M 

59 5 

tolumes 
ter cent 

53 * 

433 


II, 1 P M 

54 5 

93 

409 

Vomited at 11 and 12 Sali- 
vating but not sick 

III, 4PM 

54 0 

98 

351 

Vomited at 1 30 Convul- 
sion at 4 P M 


Expenment 1 (Table II) represents one of the first expenments, which 
followed exactly the technique of Rowntree It is cited here since the 
enormous mcrease in bicarbonate led us to suspect alkalosis and to study 
the loss of chlonde more intensively From what has already been said 
concerning the latter, it is not surpnsmg that analysis of vomitus gives 
important information WTiile m individual animals time and amount of 
vomiting vary, there is none the less a definite correlation between the 
amount of chlonde lost by vomiting and the reduction of chlonde in the 
blood In expenment 2 (Table I), where no vomitmg occurred, the drop 
in whole blood chlonde was less than m any other expenment, while 
in expienment 10 (Table I), where no unnation occurred, the drop m 
chlonde w as large 

RowTitree (3) contends that "m dogs, vonuting im questionably tends 
to postpone the onset of convulsions” and that in rabbits mtoxication 
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develops earlier because the water is practically all absorbed Our 
findings, however, suggest that absorption of water is not so important a 
factor as loss of chlondc, particularly by vomiting, and that wmiting 
tlicrcforc hastens rather than delays convulsions As regards rabbits. 
Gamble (27) has shown that while these animals do not v-omit, the 
stomach dilates and fills with chlondc with effects quite comparable to 
those caused bj remocal of chlonde from the body In the light of 
Gamble's reports, Misawa's expenments (9), which were limited to 
rabbits and in which chlondc was lowered in all tissues sace Iner, can 
easily be explained We believe that a somewhat similar gastne retention 
without vomiting may have occurred in some of our expenments 

Considerable venation in the concentration of chlondc in the v omitus 
can be noted in each of the expenments In general, however, the 
ehlonde was more concentrated when the water was retamed for longer 
penods Hence infrequent vomiting might result in as much chlondc 
loss as frequent vomiting of fluid with a lower chlondc concentration 
In some experiments on larger and more resistant animals, as vemiting 
continued for a long time, there also seemed to be a lessened gastne 
secretion With regard to the unnary chlonde excretion, our findings 
arc at vanance with those of Underhill and Salliclc (7), and in agreement 
with those of Rowatrcc (3) The concentiabon and quantitj' of chlondc 
in the unne rapidly fall In fact, the loss by the Vadnej-s usually fails to 
account for more than about one-tenth of the total loss The loss b> 
vomiting, which has been overlooked by previous investigators, accounts 
for the fall in blood chlonde without the necessity of postulating any 
peculiar concentration of the ion in tissues 

This disappearance of unnary chlonde assoaated with loss of chlondc 
by vomiting is very similar to the findings of Hartmann and Smyth (28) 
in vnnous types of vomiting in infants Apparently when the level of 
blood chlondc is reduced below a certain threshold little or no chlonde is 
found in the unne No such phenomenon is consistently encountered in 
tlie gastne secretion of chlonde, though, as prcvnously mentioned, some 
experiments show a reduction of gastne concentration toward the end of 
the expenment rigure 2 illustrates by a tyqiical example the changes in 
unne and vomitus 

In some additional expenments on ntropmizcd animals which will 
probably be considered later, although there was considerable water 
retention, symptoms of intoxication did not develop, presumably because 
loss of gastne chlonde was minimal 

The marked increase in plasma bicarbonate which was found in 
expenment 1 (Table H) led us to suspect alkalosis The increase was 
encountered in most of the expenments However in some (expenments 
11 12 and 13, Table 1) there was n slight reduction Rowatrcc found the 
plasma carbon dioxide capaaty quite variable the reduction of the alkali 
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reserve observed in some expenments he considered as indicating a loss of 
alkali 

That a different interpretation may be given teas apparent when 
determinations of the hydrogen ion concentration were included In 
experiments 11 and 13 (Table I), for example, the bicarbonate of the 
plasma dropped 2 t-olumes per cent There was, however, a very definite 
increase in pH In expenments 9 and 10 (Table I) a similar increase was 
found though the bicarbonate was also increased We feel that the 
general tendency is toward alkalosis WTicrc the bicarbonate is enor- 
mously mcreased, the pH may change little, but where the bicarbonate is 
not increased or is reduced, uncompensated alkalosis may be present with 
a definite change m pH before con\'ulsions 

From a clinical standpoint we believe the shallow respiration which is 
usually present toward the end of the experiment is the typical breathing 
of alkalosis The manipulation of the animal at the time of \ enupuncture 
in many instances upset the respiratory regulation and was perhaps 
responsible for the imcompensated alkalosis and convulsions The 
convulsions themselves led to excessive production of lactic acid which to 
some extent modified the final result, 

A study of the pH of unne and vonutus is likewise significant. The 
\amitus, as wauld be expected, remains aad In some instances where 
the water did not remain long in the stomach the acidity was, of course, 
less marked The pH of the unne, how ev er, definitely increased after the 
fall in chloride concentration (Figure 1) In expenments S, 6 and 14 
(Figure 1) this is apparent In expenment 13, which represents a rapid 
development of intoxication, the pH of the unne did not change until 
after the administration of saline, when it shifted strongly to the alkaline 
side, pH 7 0 to 7 2 In other words, the excess base of bicarbonate was 
released when chlondc deficiency no longer obtained Sodium chlondc 
supplied base, which had probably been depleted, as well as chlondc. 
The latter replaced bicarbonate, which was in excess, and sodium bi 
carbonate was excreted 

The determinations of total base were unsatisfactory , but the second 
speamen of scrum uniformly showed loss of total base. In expenment 13 
tlic reduction was considerable In tins instance also the unne pH did 
not change until after the therapeutic administration of saline That 
vomitus may contain varyang amounts of duodenal base is probable Ao 
attempt was made to estimate this In some instances however, the 
presence of biliary pigment in tlic vomitus was obnous, and we arc 
inclined to suspect the fall in total base to be largely dependent on the loss 
of duodenal contents in the vomitus 

Wtli regard to other determinations our findings arc similar to those of 
Rowatree Evarly experiments included the estimation of diffusible 
calaum by Greenberg s method (23), but neither this fraction nor tlic 
i 
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total calaum was appreaably changed Urea and nonprotein nitrogen 
determinations were omitted from most expenments for the same reason 
We had earlier expected that to maintain osmotic pressure non-electrolytes 
would nse to compensate for the electrolyte reduction The nse in 
sugar w'hich did occur was associated only with convulsions The nse in 
lactic acid, which also depended on convulsions, was relatively greater 
than that of sugar That lactic aad may affect the plasma bicarbonate 
and play a benefiaal role in counteracting alkalosis has already been 
mentioned 

CONCLUSIONS 

Neither water retention in the body nor hemodilution is the most 
essential feature of so-called expenmental water intoxication The 
convulsive sjnnptoms are more closely assoaated with loss of chlonde by 
way of gastnc secretion and a resulting alkalosis 

The relative influences of water absorption, chlonde loss, and alkalosis 
have been distinguished by studying the effects of administenng varying 
amounts of water 

There is little evidence that non-electrolytes increase in the blood to 
compensate osmotically the electrolyte depletion 
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STUDIES ON GALLBLADDER FUNCTION IX THE ANION- 
CATION CONTENT or BILE FROM THE NORMAL 
AND INFECTED GALLBLADDER 
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Rezeareh iledianet Unreerztty of Fennzytoania, Phiiadelpfi*a) 

(ReceiNtd for publication August 1, 1932) 

In on earlier paper (1) wc discussed the anion-cation concentration of 
normal hepatic bile when subjected to the activity of the dog's normal 
gallbladder Under these conditions the chloride and bicarbonate 
concentrations and the pH of hepatic bile decrease, while the base, bile 
salt and calaum concentrations increase In every instance fluid is 
absorbed In a Yery limited number of observations we have found the 
depression of the freezing point of hepatic and gallbladder bile approxi* 
matelv the same, although the total anion-cation concentration was 
increased considcrablj in the latter 

As a prelude to the anion-cation studies we had studied the ctlcct of 
gallbladder activitj on certain of the individual constituents of hepatic 
bile when placed in the normal bile free gallbladder of the unanaesthetized 
dog \2) {i) It was observed tbut -wben tbe gabbl^ddei tftcame 
infected the acti\nty of the membrane on the constituents studied was 
altered considerably In such instances, water was only slot* ly absorbed , 
or, in the more severely damaged organ, fluid actually poured into its 
lumen, the latter action being a complete rtrvcrsal of the normal mccha 
msm Under these circumstances chlondc and bicarbonate entered the 
gallbladder lumen wnth the inflowing fluid, the chloride concentration of 
the secreted fluid being about plasma level while the total COj concen 
tration was often sev’eral times the normal plasma lestJ Calaum, 
introduced as calaum lactate, was prcapitatcd, partly in the gallbladder 
lumen, and partl> in the gallbladder wall Cholesterol m cither a 
colloidal suspension, or in hepatic bile, increased in concentration, but 
not m total amount when placed m the normal gallbladder The same 
was true of bile pigment. WTicn, howcs'cr, the gallbladder was infected 
the total amount of cholesterol increased, while the total amount of bile 
pigment decreased (5) 

These isolated ob'crvations made at a time when wc were chiefly 
concerned witli normal function convinced us that a Btiid> of the anion 
cation changes in hepatic bile subjected to the ncU\at> of an abnormal 
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gallbladder was necessary in order to interpret the changes which occur 
in disease of that organ 

JiIETHOD 

The initial studies were made on the dog using a preparation similar 
to that which we have pre^^ously descnbed (2), except that after con- 
vinang ourselves that the gallbladder was functioning normally, we either 
intentionally or unintentionally pemutted the gallbladder to become 
infected The usual infecting organism was a non-hemolytic strepto- 
coccus In the studies on the dog, known amounts of normal dog’s 
hepatic bile were placed in the infected bile-free gallbladder After 
vaiynng intervals the bile was recovered and the vanous constituents of 
the bile were detemuned by the methods reported m previous papers 
(1) (2) (3) (4) (5) The dogs behaved normally, and beyond the infection 
of the gallbladder, no evidence of disease existed 

In the human cases the bile was removed from the gallbladder at the 
operating table It was transferred to a test tube aseptically and the 
analyses were made as soon as it was possible to transfer the bile to the 
laboratory Some of the patients were operated on under local anaes- 
thesia, some under spmal, while others received nitrous oxide and oxygen 
plus a small amount of ether 

Some studies have been made on liver bile obtained after drainage of 
the common duct for obstruction The bile speamens so obtained were 
collected in receptacles for 24 hours when samples were removed for 
analyses Successive samples were analyzed until evidence was obtained 
that the liver bile was approaching what we thought was a normal liver 
bile, or until the surgeon removed the common duct drainage tube, 
making further specimens unobtainable 


TABLE 1 

Analysis of the gallbladder bile from the normal and infected gallbladder of the dog 
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RESOLTS 

In Table I are gt\’en data from several animals before and after 
gallbladder infection had taken place. In the normal gallbladder the 
concentration of chloride and total COj decreased very markedly, as did 
the total fluid volume Since hepatic bile was added at intervals to the 
gallbladder contents the relation of time to total fluid introduced and 
removed was quite vanablc The volumes reported merely indicate 
direction rather than rate of change With a single injection of bile we 
have found that the gallbladder will concentrate the fluid volume m a 24 
hour penod to as little as one-sixtcenth the original amount introduced 
rurthcrmorc, in the normally functioning gallbladder the pH of the bile 
uniformly decreased, while the base, bile salt and calaum concentrations 
increased 

When the gallbladder became infected there occurred a nearly 
complete reversal of its activity The chlonde and total COi concen- 
trations w ere uniformly higher In the infected gallbladder tlie pH of the 
bile increased In contrast, the base, bile salt and calaum concentrations 
decreased The tremendous loss of bile salt under such conditions is 
indeed striking Fluid volume, instead of decreasing, increased, indi- 
cating not only a failure of absorption but an actual pouring of fluid into 
the gallbladder lumen Since no bile could enter the gallbladder except 
that which was placed in it the additional fluid must have come from the 
vessels of the gallbladder wall 

The data from the human gallbladder bile fall into sex'cral groups 
The speamens were anaij’zcd, without our knowledge in mmy instances 
of the clinical findings After analj-sts the surgeon was asked for the 
roentgenologic and operative findings, and it was soon observed that the 
data were roughly divisible into several groups 

No data were found in the literature based on analyses of normal 
human gallbladder bile It was important to obtain sucli data if a 
comparison was to be mide with the dog s gallbladder bile We secured 
one speamcn of gallbladder bile bj aspimuon from a patient whose 
abdomen was opened under local anaesthesia and a second speamcn was 
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supplied to US by Dr E L Eliason from a patient operated on under 
mtrous-oxide-oxygen-ether anaesthesia (Table II) Neither of these 
cases had any evidence of biliary tract disease These gallbladders at 
operation were thin and blue, and free of any adhesions It will be readily 
seen that there is a fairly close parallelism between the normal gallbladder 
bile of man and dog, as regards the constituents which we are reporting 

TABLE III 


Analysts of gallbladder btle of human cases Chronic cholecysMts — no stones 

Gallbladder msuahzed after admimslralion of 
sodium tetratodophenolphlhaletn 
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TABLE IV 


Analysis of gallbladder btle of human cases Chrontc cholecysltlts — with stones 
Gallbladder vtsualtzed after administration of 
sodium tetraiodophenolphthalein 
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TABLE V 

Analysis of gallbladder bile of human cases Chronic cholecystitis — with stones 
Gallbladder not visualized after administration of 
sodium tetraiodophenolphthalein 
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In Tables III, IV and V are given data from speamens of pathological 
human gallbladder bile In the cases in Groups III and IV the gall- 
bladder was visualized after administration of sodium tetraiodophe- 
nolphthalcin Visualization was not obtained in Group V It is difficult 
to state quantitatively the degree of visualization smcc the technics 
cmploj'ed m the administration of the dye may haw ^'a^ed By 
\nsualiiation we mean that the roentgenologist was able to see the 
gallbladder outlme, but this may or may not have been considered 
entirely normal 

As a whole these data show a decrease in the calaum concentrations, 
the lowest concentrations ocoimng in the non-visualizcd gallbladders 
The chlonde concentration shows progressive increase while the bile salt 
concentration tends to become lower as we pass through Groups III and 
IV^ to Group V, until in the latter group there are a number of instances in 
which no bile salt could be demonstrated The base concentration 
decreases, the greatest reduction bang found in Group V 

The surgeons’ findings and the pathologists’ diagnoses in the cases 
reported in Tables III, IV and V were in all instances m agreement. In 
Group III the gallbladder was slightly thickened and opaque may or 
may not ha\e had adhesions about it and did not contain calculi The 
pathologic findings were those of chronic interstitial cholecystitis The 
findings in Group IV were similar to those in Group III except for the 
presence of calculi In Group V the evidences of cholecystitis were more 
marked and calculi were always found 

TABLE VI 
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* Unable lo obtain bile after this period no Gregory Pascoe reaction in 
last Bpeamen obtained 

In some cases, as the result of an obstruction of tlie common bile 
duct hepatic secretory suppression had occurred After the release of the 
obstruction the bile began draining from the liver and rapidly became 
what wo have reason to belicvT is normal except for one feature For a 
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considerable penod, frequently as long as three weeks, the typical color of 
the Gregory-Pascoe reaction for bile salt was not developed Instead of 
the normal blue color, which this method develops, a vanety of shades 
from red to blackish purple were obtained As the drainage was con- 
tinued some bile salt made its appearance, but this occurred only late 
It would appear that when the liver cells have been damaged dunng 
obstruction, the bile salts are for a time excreted either not at all, or at 
least not m their usual form In Table VI are given the intervals before 
reappearance of the typical Gregory-Pascoe reaction for bile salts in a 
few of these cases 

DISCUSSION 

We believe that these analyses of normal human gallbladder bile are 
the first which have been reported Hammarsten (6) and others have 
published data on human bile but the matenal was either obtained at 
autopsy or from patients operated on for biliary tract disease, a condition 
which we have shown greatly alters the anion-cation concentration of 
gallbladder bile We are unable to offer any data on normal human liver 
bile Obviously drainage of the common duct in a patient with no 
evidence of a lesion of the biliary tract or pancreas is not justifiable 

We have, however, continued the study of hepatic bile from patients 
after relief of an obstruction of the common duct, until the concentration 
of the constituents studied became nearly constant from day to day 

In a previous paper we reported that hepatic bile of the dog is more 
variable in its electrolyte composition than is serum (1) The same 
appears to be true for the hepatic bile of man After long continued 
drainage of the common duct, so that the hepatic bile was as normal as 
we had reason to believe it might become, base vaned from 151 to 181 
m Eq per liter The chlonde concentration vaned from 76 to 110 m Eq 
per liter, the majonty of the figures being below the plasma level for 
chlondes This is also true of the hepatic bile of the dog The calcium 
concentration of human hepatic bile was found to vary from 1 9 to 10 2 
m Eq per liter In the majonty of instances the concentration was 
higher than that of plasma, a relationship which is also true of the dog 
The bile salt concentration was even more vanable, concentrations from 
3 3 to 52 6 m Eq per liter being obtained These data, as a whole, are 
not unlike those of the dog and although we do not present them as 
den\ ed from normal human hepatic bile, they are at least mdicative of the 
general trend of its anion-cation concentrations From these studies we 
are of the opinion that the hepatic bile of man and dog are similar with 
respiect to the concentrations of the constituents which we are reporting 
in this paper 

The data on the bile obtamed from the normal human gallbladder are 
quite similar to those from the dog We have not measured bile pigment 
or cholesterol m the human cases except m isolated mstances, so that at 
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present r\e are unable to compare the concentration of these components 
m dog and human bile Our few data are not inconsistent with the Mew 
that the cholesterol concentration of human bile is higher than that of 
dog’s bile 

It would seem that the more severely damaged the gallbladder the 
more widely do the concentrations of the constituents under consideration 
vary from those found in normal gallbladder bile As long as the gall- 
bladder can be Msualized after the administration of sodium tetraiodo 
phenolphthalein, base, calcium and bile salts become concentrated, while 
chloride is absorbed As clinical and pathological evidence of change m 
the gallbladder became more definite the composition of the gallbladder 
bile approached that charactenstic of hepatic bile In the occasional case 
(Be. and C , Table Y) evidence of some concentration or absorption of the 
appropriate constituents was found even though the gallbladder was not 
Msualizcd Tlie progressive decrease in the bile salt concentration with 
increasing evidence of damage was the outstanding finding in these 
studies Closely paralleling this was the nse in the chlonde concen- 
tration Ravdin, Momson and Smyth (7), Newman (8), and Andrews, 
Schocnheimer and Hrdma (9) havo previously pointed out that the bile 
salt concentration of the bile from the damaged gallbladder is low The 
first authors found that the concentration of bile salt in gallbladder 
fistula bile in the presence of a diseased gallbladder was lower than the 
bile salt concentration in common duct fistula bile Whether the loss of 
bile salt 18 due to absorption or change m its structure we arc unable to 
state 

The decrease in the calaum concentration with increasing evidence of 
gallbladder damage is of interest. No cases in this senes were of the tj pc 
reported b> Phcmister, Rcwbndgeand Rudisill (10), where undoubtcdl) 
the calcium concentration of the matcnal found in the gallbladder wns 
high Those cases, however, had complete or incomplete cj'stic duct 
obstruction while the studies reported in this paper were made upon 
subjects wath the cj-stic duct patulous WTiethcr the low calcium 
concentration is merely that of hepatic bile or whetlier it is further 
lowered due to absorption, preapitation, or dilution is as yet unknown 
The n'C in the pH and the increase in the total CO| concentration of 
gallbladder bile after gallbladder damage presumably offer faterablc 
conditions for precipitation of calaum Against the probability of 
dilution IS the obsciwation that m tlic dog when quantitnme studies were 
made calaum was actuallv lost from the fluid contents of the gallbladder 

It may well be, howetau-, that the scaanely damaged gallbladder of 
man secretes fluid into its lumen as it docs in the ca<e of the dog If this 
is true the sodium tetraiodophcnolphthalcin, which after administration 
15 secreted in the li\er bile, may be further diluted when it comes to the 
gallbladder Thus, what the roentgenologist frequently reports as a 
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failure of the gallbladder to concentrate, which would imply a static 
condition, may represent actually a process of active dilution 

The complete absence of bile salt from liver bile obtained shortly 
after the release of rm obstruction which has caused complete hepatic 
secretory suppression, and its gradual reappearance as the flow of bile 
continues unimpeded, may be considered as suggestive of the synthesis of 
bile salts in the liver The penod of time necessary for the reappearance 
of bile salts, as demonstrated by the typical Gregory-Pascoe reaction, 
further substantiates the view held by some clinicians that complete 
recovery of hepatic function is not a rapid process 

Accurate records of the amount of bile obtained daily from a "T” 
tube in the common duct after the release of an obstruction have been 
kept in the cases studied In a subsequent paper we plan to discuss the 
loss of organic and inorganic salt when the drainage is continued over a 
long penod 

SUMMARY 

The concentrations of base, calaum, chlonde, and bile salt in the 
bile from the normal human and dog’s gallbladder are reported The 
changes in concentration of these substances when the human or dog’s 
gallbladder is diseased are also reported There appears to be a definite 
relationship between the extent of the gallbladder damage and the degree 
to which the activity of the organ is altered from the normal 

Of the constituents which we have studied bile salts and chloride 
show the more constant changes in disease of the gallbladder The more 
severely damaged the gallbladder the lower the bile salt and the higher the 
chlonde concentrations In the dog, total CO2 increases in concentration 
in disease of the gallbladder and presumably this is also true for man 
There is a fairly close correlation between extent of disease, visualiza- 
tion after the administration of sodium tetraiodophenolphthalein and the 
de\nation of the chemical findings m the bile from the normal 

For a number of days after the release of an obstruction of the 
common bile duct, bile salt, as determined by the typical Gregory-Pascoe 
reaction, fails to make its appearance When the liver bile returns to 
what we suppose to be normal the concentrations of base, calaum, 
chlonde, and bile salt are not imlike those found in the normal liver bile of 
the dog 

We wash to thank Dr George P Muller, Dr E L Eliason and Dr 
Richard H Meade for suppljang a part of the matenal used m this study 
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THE UNAVOIDABLE ERROR IN THE DIFFERENTIAL COUNT 
OF THE LEUKOCYTES OF THE BLOOD 

Bt C \V BARNETT 

{From the DeparIrtunI of iMmne Stanford Unmrniy iledual School San Francnco) 
(Rcan\*ed for publication August 8, 1932) 

In differential blood counting, one attempts by careful observ'ation of 
a limited number of leukocytes to obtain a picture of the actual dis- 
tnbution of the vanous tj-pcs of cells m the blood stream Many physi- 
cians arc inclined to accept a count done by a competent person ns a \xtry 
close approNimation to this tmluc There arc man> statements in tlie 
literature which indicate an absolute confidence in the results of differ- 
ential counts of which the following quotation from an article on surgical 
lesions of the abdomen is a typical example. " Probably the blood 
count IB of the greatest value in determining the seventy of the lesion m 
acute appendicitis VTien the polymorphonuclear percentage is 70, or 
below, a suppurative or gangrenous process may be ruled out and 
operation delayed or postponed with safety It is difficult to be sure of 
the seventy of the process when tlie percentage of polymorphonuclcars is 
between 70 and 80 I ha\e seen beginning pcntonibs with percentages 
below 80 but above this point one may feel sure that he is dcalmg with a 
dangerous lesion which should ha\as immediate treatment ” 

Such confidence is unwarranted, since differential counting of the 
leukocytes is one of the most uncertain of the quantitatiic methods used 
in medicine There arc three types of error in this procedure The first 
is the mechanical error, which includes all vanations in taking the blood 
sample, making the smear and staining, and all irrcgulinties in disln 
bution of the cells depending upon the type of smear and the areas oxer 
which the count is made The second type is the error of interpretation, 
the magnitude of which depends cntircl) upon the judgment of the 
observer The third is the error due entirely to chance, which is the 
subject of the present paper 

Many articles have been written on the errors of blood counting, but 
most of them arc concerned wath the mechanical errors Thu«, Napier 
(I), Meissner (2), Stephens ct al (3), Bcacom (4) and Gyllcnsward (5) 
describe \ inations in diflcrcnuil counts on smears made in annous way s 
the counts being made oxer xmnous areas of the smears No two of these 
authors agree as to the most accurate method of making the count The 
chance errors either are not mentioned or are discussed xamy briefly ^ All 
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agree, hor\ever, that at least 300 cells must be counted if the results are 
to be at all accurate 

Dahlberg (6) attempts to determine the magnitude of the vanous 
types of error and gives vanabihties ±43 per cent for the mechanical 
error, ±11 per cent for the error of interpretation and ±58 per cent for 
the chance error on counts of 500 cells The data used as a basis for 
these results are not given, and the exact meaning of the results is not 
clear Kilgore (7) calculated the chance error on a count of 100 cells and 
found that with an actual count of 50 per cent lymphocytes, different 
observations on the same blood would be expected to vary between 35 
per cent and 65 per cent He did not check the calculation with any actual 
counts 

Brandt (8) studied the mechanical and chance errors m red, total 
white and differential white blood counts He calculated that in 
counting 500 cells with 66 per cent of polymorphonuclears, the standard 
deviation w'ould be 2 1 1 per cent of the total count or 3 2 per cent of 66 
He compared this with six counts of 500 cells each in which he obtained a 
standard deviation of only 1 4 per cent of 66 Six, however, is far too 
small a number of counts for an accurate determination of the standard 
de\aation 

An error due entirely to chance occurs whenever in dealing with a 
universe composed of a very large number of individual units our estimate 
of the distnbution of different types of units must be based upon the 
study of an extremely small proportion of them Thus in differential 
counting we study a few hundred cells in order to determine the proportion 
of the vanous types in the entire blood stream, which, if we assume 
a white count of 10,000 cells per cubic nullimeter, and a blood volume 
of 5 liters, will contain 50,000,000,000 cells It is obvious that when 
from such a tremendous total number of cells, samples as small as one 
hundred are taken, each will differ slightly from another, and no single 
count will give a true picture of the actual distnbution This error is 
completely independent of technique or interpretation and is entirely 
unavoidable It can be decreased by increasing the number of cells 
studied in the total count, but it cannot be eliminated, and ivhen small 
numbers of cells are counted, it leads to a large vanation as will be shown 

Exen when the same blood is subjected to a senes of counts, there 
will be a certain vanation or dispersion m the results The simplest 
method of expressmg the magnitude of this dispersion is to note the range 
between the highest and lowest values obtained for a particular type of 
cell This method is misleading, how'cver, because a single count that 
happens to be far abo\ e or below the others will be unduly weighted The 
commonest and most satisfactory expression of the magnitude of the 
dispersion is obtained by dividing the sum of the squares of the differences 
between the individual observations and the mean value by the total 
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number of observations and taking the square root of the result This 
measure of dispersion is called the standard denation 

If the standard denation can be determined, it is easy to estimate 
the amount of variation to be expected as the result of chance alone The 
chances arc approximatelj 2 to 1 that a particular observation will fall 
unthm the bounds of one standard donation above or below the actual 
value, about 20 to 1 that it mil fall within twice the standard donation, 
and about 370 to 1 that it mil fall within three times the standard 
donation above or below the true value It is generally considered that 
chance errors may be as great as three times the standard donation above 
or below the actual talue 

In differential blood counts, the standard donation can be detemuned 
readily according to the formula, from Yule (9), page 257 


N 

P 

S 


the standard donation, 
the number of cells counted, 
the proportion of cells of a certain type, 
the proportion of all other types of cells 


This formula gives the standard donation m per cent of the total 
count Thus if wc count 100 cells mth 25 per cent of lymphocytes and 
wash to find the standard denabon, wc wall ha\a: 


N = 100, 
p = 25, 

3 » 75 , 

<r - t'lOO X 25 X 75 -=■4 3 

Wc would expect chance errors to gi\-c a \aination of three times this 
tailue above and below tlic actual mluc of 25 per cent. Three times 4 3 
IS 12 9, consequently a single count on 100 cells might give a lymphocj te 
percentage anywhere from 12 1 per cent to 37 9 per cent Similar 
calculations wall give the expected xainations at all percentages from 
Oto 100 

This cliancc xainotion is not entirelj theoretical, and it can be checked 
b> actual counts Tor this purpo'c, 100 differential counts were done on 
the same blood A sample of blood wais taken wath a little sodium citrate 
to prevent immediate coagulation, and fifty smears wane made b> the 
coaair glass method os ripidl> ns possible These were stained and those 
wath eight or more satisfactory low power fields were selected On each 
smear, six counts of 100 cells each were made consecuti\a:l> . all the counts 
licing done in areas where the red cells were just separated from each 
other Since all the smears were made wath the same blood and in the 
same wai> , it w as hoped that the mechanical error would be eliminated or 
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w ould be of about the same magnitude in each count All the counts 
Yere made by one indmdual, which should make the error of interpreta- 
tion negligible The observed vanations should therefore be almost 
entirely the result of chance 

The present work is concerned only with the chance distnbution of 
obsen’^ations about certain mean percentages, and consequently the 
actual type of cell m any group is of no significance Therefore, any tw'O 
or more types may be taken together to form a single larger group, 
pro^^dlng the combination is made in each individual count Several 
such groups were made in order to increase the range of observations from 
50 per cent to 100 per cent To avoid repetition of the names of the 
different cell types, they will be designated by letters as follows 

c = basophiles, 

b = eosinophiles, 

c = large mononuclears, 

d = lymphocytes, 

c = polymorphonuclears, 

g = polymorphonuclears + lymphocytes, 

h = polymorphonuclears -f- lymphocytes -f- large mononuclears, 

1 = polymorphonuclears -b lymphocytes -f- large mononuclears 
+ eosmophiles 

Occasional atypical cells were found that could not be placed m any of 
the above classes The number of these was noted to preserve the true 
percentages of the other types, but they were not included in the calcu- 
lation 

WTien the coimts were completed, frequency tables were prepared for 
each type of cell For all tjpes except c, b, and t, the dispersion was large 
enough so that the listing of each individual percentage in which an 
obser\’ation happened to fall would make a table that contained too 
many classes Therefore, the percentages were grouped in pairs, with a 
class interv al of 2 per cent, and the number of observations that fell into 
each class was counted and listed m a frequency table under / The 
means and standard de\nations ■nere calculated from the tables in the 
usual way (cf Yule, pp 110 and 134) 

Table I is a frequency table for cells of type e It is given in full to 
indicate the method of calculation Table II is a summary of the means 
and the theoretical and observ'ed standard deviations for each type of cell 

Exanunation of the tables shows that m every case there is a close 
agreement between the standard denation calculated for the percentage 
of cells in question and the actual standard denation of the observed 
\'alues In other words, the dispersion observed in a senes of 100 
differential counts was just what was to be expected from calculation of 
the theoretical dispersion In nearly e\eiy' case, the observed standard 
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deviation was slightly higher than the theoretical one. This is obviously 
due to the fact that the complete elimination of mechanical errors was 
impossible, but the close agreement demonstrates that the> were reduced 
to a very small value 

TABLS t 


Frcqutncj laM» for ctUs of lypt t 


Ctaii 

/ 

t 

/* 

/i* 

35- 

1 

-14 

-14 

196 

38- 

1 

-12 

-12 

144 

40- 

1 

-10 

-10 

too 

42- 


-8 

-56 

448 

44- 


-6 

-30 

ISO 

45- 


-4 

-40 

160 

48- 


-2 

-32 

64 

50- 


0 

0 


52- 


+2 

+35 


54- 


+4 

+48 


56- 


+6 

+24 


58- 


+8 

+48 


60- 


+10 

+■10 

400 


too 


+2 

2484 


if - 50 5 + 2/100 - 50 52. 

S/iViV - 2484/100 - 24 84 
- 24 84 - in> - 24 84 

<r - 4 98 

ff, - VlOO X 41 X 49 - 5 0 
Theoretical rtandard dcaxitlon •>5 0 
Olucrved Alandard deflation >• 4 98 

TABix n 


TaiU iftmnnj Mr mranr and sfandarj dmaiionj of Mr different hpti of cells 


Tjrpt of tflJ 

Mru Jlf 

lUiiiraof 
ob»orvt«d Talort 

Ob+rnrH lUndirt 
dtrUUoo 

Tbtorrtlfal •Iflotlard 
dfvUtlcn 




r 

• i 

0 


0-3 

069 

071 

b 


0-8 


1 59 

c 


7-27 


3 67 

d 

28 02 

14-38 


4 49 

e 

50 52 

37-«> 


500 

t 

7850 

63-87 


4 14 

h 

94 42 

87-99 

264 

257 

1 

96>58 

91-100 

2 03 

I 81 


All fijurM in thi» table are eitpreiaed In per cent of the total count 


In Chart I. the indiandual objeiwations on the percentages of groups 
tf, r and [ has’c been plotted to show the distnbution of the counts in 
relation to multiples of the standard dcvaalion The actual percentage 
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on any one count is obtained from the chart by adding to the mean \ alue 
for the particular tj^pe of cell the de\nation as measured on the vertical 
axis The mean \ alue is indicated on the honzontal axis by a vertical 
line drawn through the group of spots 



Chart 1 Chart Shovtxg the Deviation of the Individual Counts 
FROM THE Mean, in Relation to Multiples of the Standard Deviation 

The distnbution of observations with relation to the standard devi- 
ation IS very close to the expected one If chance alone is responsible 
for the de\nations, and if a large enough number of observations is made, 
68 3 per cent of the obsecrations will he within one standard deviation of 
the mean, 95 4 per cent within two and 99 7 per cent within three In 
the chart it wall be seen that three observaPons of the 300 shoivn he 
outside the line representing three times the standard deviation This is 
more than w ould be expected from chance alone, but again it is probably 
the result of an added mechanical error 

DISCUSSION 

The results show that the completely una\ oidable error in differential 
blood counts, which is due to chance, and w’-hich cannot be eliminated by 
the most perfect technique, may be of considerable magnitude It may 
be decreased by counting larger numbers of cells, and Chart 2 shows the 
maximum chance errors to be expected with differential counts done on 
100, 200, and 400 cells It is to be noted that the error is inversely 
proportional not to the number of cells counted but to the square root of 
the number In other words, m order to double the accuracy of a count 
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It 13 necessary to count four times the number of cells, and to tnple it, 
nine times 



Chart 2 Chart Shoeing the Maximum Errors Due Onuyto Chance 
IN Differevtial Blood Counts with the Total Counts of 100, 200, and 
400 Cells 

Another question w hich may at times be of considerable importance 
IS that of the siRnificancc of a change in the proportion of a certain type 
of cclhn o different counts Thus suppose we ha\ c a patient suspected 
of acute appcndiatis, tihosc differential count of 100 cells shoivs 70 per 
cent of pol>'morphonuclcars, and an hour later, 80 per cent Is this a 
significant change, or may it be due entirely to chance Yxination? This 
15 decided b> determining the standard error of the difference of the luo 
counts according to Yule, page 268 If the obser\’ed difference is less 
than three times the standard error of the difference it may be cntirel> 
the result of chance The method of calculation is as follow-s 
, n,p, + njpj 

Pt “ ' / _ — f 

Ml T Hi 

Ca' “ Mo(l/”i + I/nj). 

nhcre n, and nj are the numbers of cells counted in the tveo counts pi and 
Pt the proportion of poljTnorphonucIcars in the tno counts and cn the 
standard error of tlie difference 

In the example just cited ni and nj each equal 100 and Pi and p 7 arc 
70 and 80 respectiaolj Therefore, 

100 X 70 100 X 80 ,, 

” 200 

fn' = 75 X 25(1/100 + 1/100) » 00375, 
ru " 0613 or 6 13 per cent 
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The observed difference of 10 per cent between the percentage of poly- 
morphonuclears in the two counts is about one and a half times this 
standard error and thus cannot be considered significant 

It is apparent that differential blood counts done on 100 cells, even 
wath the most perfect technique and interpretation, are subject to such 
wade fluctuations as a result of chance variations in distribution that they 
are practically wathout significance When to this unavoidable error 
there is added the mechanical error and that of interpretation, the result 
must necessanly be extremely unreliable As has been repeatedly 
pointed out by others, at least 400 cells must be counted before tlie 
results of a differential count may be considered at all reliable and even 
here the maximum chance error may be as much as 7 5 per cent of the 
total count, as is show'n in Chart 2 

To judge the accuracy of a particular count, it is only necessary to 
read from Chart 2 the deviation to be expected for a certain observed 
percentage of cells on the curve corresponding to the number of cells 
counted This deviation added to and subtracted from the observed 
value wall give an estimate of the range wathm wrhich the true value wall 
probably he Thus if a lymphocyte percentage of 40 is observed in a 
count of 200 cells, the vertical line through 40 per cent on the honzontal 
axis is followred up and dowai until it intersects the curve marked 200 
cells The points of intersection are at about plus and minus 11 per cent 
Consequently the true percentage of lymphocytes may be expected to he 
between 29 per cent and 51 per cent 

SUMMARY 

1 The error m differential blood counts due to chance vanations in 
distribution is pomted out, and its magnitude for counts done on vanous 
numbers of cells is calculated 

2 One hundred differential counts of 100 cells each on the same blood 
are reported, and the dispersion of the separate observations is showm to 
agree closely with the predicted value 

3 It is concluded that at least 400 cells must be counted before the 
results of a differential count may be considered reliable, and even here 
the maximum error due entirely to chance is 7 5 per cent of the total 
count 
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THE ADDIS SEDIMENT COUNT IN NORMAL CHILDREN 
By JOHN D L\TTLE 

(From the Sahet Hosfnlal and the Department of Pedtatnu CoUeie of Fhyrtaans and 
Sur[eonr, Columbta Onxeerstty, Kea 1 ork Ctty) 

(Rccdvcd for pubbcatloo August 9, 1932) 

THE METHOD 

In 1925 Addis (1) described a method by which, in a concentrated aad 
unne, the rate of excretion of protein, casts and red and white cells could 
be determined His metliod, with certain modifications, has been 
followed here All of the coimts were made on the 12 hour night spcamen 
from 7 or 8 P M to 7 or 8 A M Addis recommended that fluids be 
restricted dunng, and for 12 hours preceding the collection, since in dilute 
and alkaline unne hj aline casts dissolve and red cells may be completely 
lysed With children this ngid restriction of flmd proved impossible. 
Withholding fluid dunng the afternoon and night except for 200 cc at 
the cxemng meal, gave unnes of such concentration and acidity that they 
■acre suitable for a count Most children had an early supper and col- 
lections were started at 7 or 8 P M Under these conditions, the unnary 
pH ■was between 5 0 and 6 0 and the spcafic gravity usually well above 
I 020 The speamens were treated as desenbed by Addis “the con- 
centrated night unne is thoroughly mixed by repeated inversion of the 
rubber-stoppered bottle and a 10 cc, sample is transferred to a spcaal 
graduated tube, and centnfugalucd for five minutes at 1,800 revolutions 
per minute. The supernatant unne is decanted and pipetted down to a 
known volume w hich vanes wnth the amount of sediment as judged b> 
direct observation The casts and cells arc thoroughly mi.\cd m this 
remaining fluid by means of n capillary pipette and drops arc transferred 
to a hcmocytomctcr The casts arc counted under the low power micro- 
scojie in seicrtl unit volumes of 0 0009 cc., the number depending on the 
concentration The cells arc counted in unit v olumcs of 0 0001 cc with a 
1/6 eyepiece of number 10 objective The calculttion is very simple if a 
slide rule is used Tlic rates of cast red blood cell and white blood and 
cpithclnl cell excretion arc expressed always as twelve hour rates, ’ 
For tlic quantitative protein the method of Shevky and Stafford (2) 
was followed with a modification in calculation suggested bv Addis, In 
this mcUiod the velumc of protein preapitated by a solution of phos- 
photungstic aad in slronglv aadificd alcohol is dclcrmincd the prcapi- 
tate bang p.icktd by centnfugalmng under constant conditions 
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161 sediment counts on 74 normal children 
Children admitted to the hospital for hernia and eye operations or for 
observ’^ation for \anous conditions were considered normal when the 
routine unnalyses Mere negative Cases in which there was any possi- 
bility of renal irritation were not included Addis thinks that for cell 
counts in women, cathetenzation is essential In this senes no precau- 
tions were taken to secure unusual cleanliness, though cases of vaginitis 
w’ere not included A number of counts were done on children who were 
not under hospital care and whose diet and activity, therefore, could be 
considered more normal No differences were observed in the counts 
The age range was from 4 to 12 years Children in the lower age groups 
(4 to 7 years) gave slightly lower figures for protein, casts and cells than 
the older children, and zero counts were more frequent in this group 
The excretion of epithelial and white blood cells was found to be somewhat 
higher in female than in male children 

The results are shown in Table I , the range and averages are shown in 
Table II The senes is small and the distnbution is so skewed that no 
statistical analysis has been made The probable error of the means has 
been computed In Table III tentative figures are given marking the 
upper hrmt of normal excretion m children from 4 to 12 years of age 

TABLE I 


12 hour excrctwn of protein, casts and cells 161 observations on 74 normal children 4 to 12 

years of age 


Protein 

Coeti 

Red blood cells 

Epithelial and 
white blood cells 

Mehi. 

Num 

ber 

of 

obscr 

x’atlons 

1 

Thousands 

Nam 

ber 

of 

obser- 

%*atlon8 

Thousands 

Num 

ber 

of 

obser- 

vations 

1 

MlUIons 

Num- 

ber 

of 

obser 

vations 

0 


0 

118 

0 


0 

0 

1 to 5 


0\er Oto 2 

9 

0\er Oto 20 

■Dl 

Over 0 to 5 

133 

6 to 10 


0\ er 2 to 4 

17 

Over 20 to 40 

12 

Cher 5tol 

19 

11 to 15 

40 

0\cr 4 to 6 


(her 40 to 60 

14 

Over 1 to 1 5 

4 

16 to 20 

2S 

CK er 6 to 8 


0\ er 60 to 80 

11 

Ch er 1 5 to 2 

0 

21 to 25 

13 

Cher 8 to 10 

mm 

Cher 80 to 100 

3 

Over 2 to 2 5 

2 

26 to 30 

16 

Cher 10 to 12 

mm 

1 Over 100 to 120 

1 

Owr 2 5 to 3 

3 

31 to 35 

13 

Cher 12 to 14 

■1 

(her 120 to 140 

1 



36 to 40 



■1 





41 to 45 








46 to 50 



■ 
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TABLE 11 


12 hour exireiwn of prctoin, ccsU and cdls Range and OTerage tn ncrmcl children and 

adulis 




ChlWrtn 

Adtilti (Addtf) 

Adult! (ColdrituO 

Protein, 

1 Range 

AtTragcl 

3 tot? 

18 5±.5 


3 to CO 

14 6 

Casts 

0 ^^ 

0 to 12 916 

1 085±123 

0 to 4,270 

1,040 

0 to 9 200 

647 

Red blood 
cells 

Range 1 
A\'cragc 

0 to 129 000 

15 181±1 400 

0 to 425 000 
65,750 

0 to 1 530 000 

163 000 

Epithelial 1 
ond Mkhite 
blood cells ' 

1 

Range 

A\TnigC| 

1 

9 000 to 2,822 000 
322 184±2S 500 

32 400 to 1,835 000 
322,500 

24,000 to 3 400,000 
647,500 


TABLE ni ' 

The upfter limit of normal excretion per 12 hourt in children from 4 to 12 years of age 

Protein 3S mpn 

CatU 10 000 

Ret! blood edit 600,000 

nplthelW and ¥.hlic blood Celia 600 000 (male) 

1,000 000 (female) 

Comparison setth adult normals 

Proletn Addis (3) says 'throueh obsen-ations on many normal 
individuals and on many patients ttho ■vten: passing from tvhat tte call 
Bnght's Disease back to normalitj,' ttc hat-c reached the tcntatiw 
conclusion that the upper limit of normal t-anation is in the neighborhood 
of 30 mgm of protein per 12 hour penod ” Our normal range goes some- 
what higher than this, i c , 47 mgm and Goldnng md Wjekoff (4) in 21 
adult normals found a range of from 3 to 60 mgm It is not surpnsing 
that our n\'cnigc and normal range is higher than in the adult senes 
Albuminuna in healthy children is a common finding from the age of six 
to puberty and is t cry common dunng puberty 

Casts As in tlic adult senes of Addis, practically all of the casts were 
hyaline The upper normal liimt is higher than that gi\en by either 
Addis or Goldnng but the a\ crage is the same Thirty -eight of 1 61 cast 
counts were abo\o tlic osorage, while 118 or 73 percent were zero counts 
In Addis 8 senes there wore 39 of 74 cast counts aboso a\-cngc and 40 per 
cent zero counts I’o'sibly the high percentage of zero counts in the 
children of tins senes is due to the fact that fluids were not ngidly 
rcBtnctcd 

Rfd blood cdls TIic presence of red cells in the unne is frctiucntK 
regarded ns indicative of some abnormality in the unnarv tract. The 
work of Addis and others has shown that normal adults may* czcrelc 
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small numbers of red cells in the unne That this also holds for normal 
children is e\adent from the studies presented here Red cells are not 
constant unnary constituents In some children they have been found 
at one examination and not at another, and, in others, repeated examina- 
tions have failed to disclose their presence 

Our ax-erage (15,181) is lower than that of Addis (65,750), and our 
percentage of zero counts (67 per cent) is higher than that of Addis (51 
per cent) 

Several factors may account for the lower red cell excretion in children 
It IS conceivably the result of failure to restnct fluids ngidly It may 
be related to difference in kidney weight While the child has the same 
number of glomeruli and tubules as the adult, it is obvious that they must 
be smaller Addis has found that the actual red cell excretion may be 
obscured at times when the salt concentration m the unne becomes so low 
that red cells are invisible Children, and especially hospital children, 
have a very low salt intake Three of our normal children who had been 
showing zero red cell counts were on two occasions given 5 grams of salt 
at the ex ening meal In all of these the red cell counts remained zero 
On the whole it seems fair to assume that the relatively simple life of the 
child, in which stresses, strains and complicating features (latent infec- 
tion, local disease of the unnary tract) are correspondingly few, is a 
factor of some importance in determining the lower erythrocyte excretion 

White blood cells and cpilhehal cells The average for children is 
practically the same as that for adults The high range and average in 
this senes is probably due to the fact that we did not cathetenze female 
children The average for male children is about half that of the adult 
group 

The sediment count compared vnth routine urinalysis 

The results of 51 sediment counts have been compared with the reports 
from the routine nucroscopic examination of the same specimen Ten cc 
of the thoroughly mixed unne xi ere used for both procedures The spea- 
men for routine exanunation was centnfuged for the same length of time 
and at the same rate of speed as m the quantitative method The only 
difference w'as that in the routine examination the sediment was examined 
practically undiluted, while in the count the sediment was always mnxed 
in from 1 to 3 cc of unne More than the usual time and care were 
taken for the routine examination Cases were chosen where the volume 
was approximately the same (about 200 cc ) and where the changes were 
slight or moderate They were cases of acute infection, subsiding 
nephntis and rheumatic carditis 

Protein Table IV mdicates a relatixely close agreement between 
quantitatixe protein and qualitatixe albumin reports With percentage 
xalucs up to 01 per cent, the qualitatixe tests were reported “negative” 
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or “trace," and with unne v’olumes of around 200 cc , the amounts 
excreted tscrc ^\athin normal limits 


TADLC IV 


Comparison oj quantUatrrt proUtn and rouhne qualilaitve olbumtn 


Qtnllutltc 

Ncgath c or very faint trace 
Trace to hca^*y trace 
Heavy trace to + 

+ to + + + 

+ +to+ + + + 


OoaQtitathrt 
ftr (fnl 


Voloioet up to 300 cc. 


007 

01 

01 to 05 
05 to 1 
1 


14 

20 

20 to 100 
100 to 200 
200 


Casts With cast cscrcbon from 6,000 to 79,000 in 12 hours, the 
quahtatit-c report vras "ncBatitc’ or, in a few instances "1 to 2 per high 
poxscr field ” \WUi counts of 122,000 to one million, most of the qualita- 
tiv-e reports were “ f to 2 per H P F" In one ease where the count was 
SIX million the routine report was “10 to 20 per H P F ,” while in two 
other cases where the counts were twcUti and fifteen million respectively 
the routine report was "S to 10 per H P F ” Such discrepancies were 
not common Four times out of 51 tests in which the cast counts were 
zero, the routine examination showed a few casts 

Red blood cells Among 18 counts which ranged from 222 000 to 2 4 
million red cells in 12 hours, there were 11 routine reports of "1 to 10 
per H P F " and 7 of “no red blood cells ” WTicn the red cell excretion 
was from 2 5 to 82 million in 12 hours, the routine reports showed " 1 to 
20 red cells per H P F " As the red cell excretion increased through this 
nngc, there was little or no difTcrcncc in the routine reports \Mth 
excretions of 189 to 571 million the routine analj-Bis yielded "5 to 60 red 
cells per H P F " In eases of microscopic liematuna it cannot be said 
that these methods showed a very close agreement 

Epitheluil and suhtte blood cells With white cell excretion under one 
million most of the routine reports were “3 to 5 per H P F ' with an 
occasional ‘ zero ’ report and rarely ‘10 to 20 per H P F ” WTien the 
excretion was from 1 to 10 million most of the reports were '5 to 10 per 
H P F " With excretion from 10 to 75 million the common report was 
‘10 to 20 peril P h ," and notes mentionmg the presence of ‘clumped 
white cells were frequent 

A summary of the comparatixe results Mclded by the two techniques 
indicates that the major discrepancy occurs in estimating red cells It is 
likely that tins is due in part to the didiculty w Inch cx’cn practiced workers 
experience in recognizing red cells and in part to the fact that books and 
clinical pathologists haa c long insisted that the presence of red cells in 
the unne means some abnormality m the unnan tract The physician, 
thcixforc shnnks from reporting cry Uirocytuna in an indiiadual who has 
no nephnlis papilloma, or renal tuberculosis to account for it In 
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discussing this matter v,nth laboratory workers, many ha\e admitted 
that thej seldom report an occasional red blood cell in the unne because 
of Its supposedly grave import Traces of albumin and a few* white 
blood cells are commonly reported m well children, and the pediatnaan 
does not become alarmed because of their presence Similarly there is 
need of a tolerant attitude toward occasional red cells in the unne and 
such tolerance need not decrease our respect for their significance when 
they are present m increased numbers 

DISCUSSION 

The w'lsdom of introduang any new method of examination which is 
more time-consuming than the old is questionable unless it can be shown 
that the character of the mformation jaelded as well as the uses to which 
it can be put are improved by the new' routine The advantages of quan- 
titative data over qualitative data in general do not call for discussion 
It is essential only to determine w hether quantitative unne studies justify 
in added usefulness the time necessary to procure them A completely 
satisfactory' answer to this question, insofar as it involves the extent to 
which one method should replace the other, is as yet impossible as the 
full sphere of usefulness of sediment counts is not yet known At present 
It would seem that the method should not replace the routine urinalysis 
Expenence, however, has indicated that many cases exist in which the 
information yielded justifies, from the standpoints of both therapy and 
prognosis, the added expenditure of time In this clinic the method has 
prox'ed valuable in studying patients with nephntis, not only in providing 
quantitative and therefore comparable data for followang the course of 
disease, but also in permitting early recognition of the effect on the kidneys 
of pharmacologic procedures or intercurrent infection 

It has been contended that the method is only approximately accurate 
The truth of this contention was recognized by Addis (5) who pointed out 
that It is unnecessary to make the method quantitative in the strict sense 
of the w ord “At least for clinical purposes, w'e want to know the rates in 
terms of orders of magnitude It is immatenal whether the urine contains 
one million or one million one hundred thousand casts, although, it is 
essential to be certain whether there are thousands, tens of thousands, 
hundreds of thousands or millions ” Wide variations are therefore to be 
expected in normal subjects, and a close dmsion between normal and 
abnormal is impossible Whth children the range of vanation is further 
increased b> x-anations in unne xolume resulting from inability to enforce 
ngid fimd restnction With water restncted for 24 hours Addis suc- 
ceeded in obtaining with adults fairly constant 12 hour night collections 
of around 380 cc With children espeaally, therefore, it is essential to 
hold a rather broad conception of what may come within the range of 
normal The figures presented in this paper must be regarded as \cry 
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rouRhly approximate only, although the attempt was consaously made to 
err on the side of including too much, rather than too little, in the normal 
range 

SUMMARY 

The technique of Addis for the quantitative determination of the 
excretion of protein, casts and cells in the unne has been applied to normal 
children, aged 4 to 12 years The data ha\e been compared Mith the 
findings on routine urinalyses and with the results by the Addis technique 
in adults A tentative standard has been set up for normal children 
betneen the ages of 4 and 12 years 
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THE ADDIS SEDIMENT COUNT IN SCARLET FEARER* 
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The following report deals with a study of tlie unnarj changes in 
ordinarj scarlet fever as revealed bv the Addis sediment count technique 
No cases of clinical postscarlatmal nephritis have been included Particu 
lar interest centers m the penod from 8 to 30 daj's after the onset of 
infection 

UTERATURK 

As earlj as 1874 Mahomed (1) found that scarlet fever convalescents, 
at some period during the sue weeks after deferva^cence, exhibited a pulse 
of high tension (sphj’gmograph) and hemoglobinuria (guaiac test) wathout 
albuminuria (nitnc acid test) If the tension was high and persisted 
albumin was liable to appear Occasionallj tlicrc was anorexia wath slight 
fever (100° F ) and sometimes a little edema was evadent upon careful 
examination, but as a rule, there were no constitutional sjanptoms or 
signs He called this picture the "prcalbuminuiac stage of ncphntis " 

Thompson (2), in 1886 examined the unne for blood and albumin 
three times a daj for 56 da>s in 180 cases of scarlet fever Cightj four 
per cent of the patients were under 15 jears In 66 cases (37 per cent) 
there were no unnai^ changes Twa> cases (1 per cent) showed anasarca 
wathout unnar> changes, and m 112 (62 per cent) the uianc showed 
albumin, blood or both, wath or wathout edema Thompson calls all 
of these 112 cases "ncphntis,” but "in some cases, the evadenceof kidney 
mischief was so slight and evanescent that but for careful and frequent 
testing tlie pre«cnjc of these substances, would no doubt, have liecn 
overlooked ’ Thomp«on also found at times a positive guaiac test 
with no albumin, butShought the "pie nlbuminunc stage ’ of nephntis 
was infrequent 

Dittmar (3) examined the unne in 91 consecutive cases twace dailv for 
56 daj-s Eighty five per cent of the patients were under 15 years The 
nitnc nad test for albumin and the guaiac test for blood were used 
horty -eight (52 7 per cent) of tlie cases at some penod showed positive 

* Two paiicnt* were studied through the courtesy ol Dr Charles Hendce 
Smith and 12 palicnts were studied on the wards of Willard Parker Itospilal 
waih the co-operauon of Dr George W Caldwell 
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tests for albumin, or blood, or both He repeatedly found positi\c 
guaiac tests with negati\e albumin 

Caiger (4) found traces of albumin in the convmlescent stage of scarlet 
fever occurring in from 30 to 40 per cent of cases He examined the unne 
only twace a ueek and noted that in children it was not always possible 
to do so more regularly 

McCrae (5) analyzed 1,034 cases over a penod of seven years and 
found unnary disturbance subsequent to the fall of fever in 25 per cent 
Five per cent shov.ed definite nephntis, but only 2 per cent presented 
physical signs and s>nmptoms of nephritis The frequency of testing and 
methods used are not mentioned 

Koch (6) observed a definite increase in blood pressure in every case 
of scarlet fever from the 14th to the 20th day Dunng this penod of 
hj-pertension, he found albuminuna, and less frequently, erythrocytes 
and casts (at times in only a single specimen, and not mvanably in 
everj' case) 

Hirschberg and Ssucharewa (7) have reported more recently on 845 
cases of scarlet fever studied over a penod of eight years Ninety-two 
per cent w ere under 12 years The incidence of nephntis was 20 per cent, 
but they include a large number (56, or 33 5 per cent of the total) of cases 
where there w ere no symptoms and where the unnary changes were slight 
and did not persist They ate as a typical case in this group a child with 
no extrarenal symptoms whose unne showed a trace of albumin on the 21st 
day and an occasional red cell in the sediment for the two subsequent days 

Ker (8) stated that it is not unusual to find tube casts in cases of very 
slight and transient albuminuna The complication tends to occur at the 
penod of convalescence when acute nephntis is most apt to present itself 

tlETHODS AND NORilAL STANDARDS 

The technique desenbed by Addis was followed for the counting of 
casts and cells and that of Shevky and Stafford for the quantitative 
estimation of protein Methods and minor modifications m the pro- 
cedure when applied to children have been desenbed m a previous paper 

(9) 

We have tentatively set the following normal Standards from a study 
of 161 counts on 74 normal children aged 4 to 12 

The upper Itrrtl of rorrraJ excrelton per 12 hours i« chtldrer frorr 4 to 12 ^ears of age 

Protein 35 m^m 

Casts 10,000 

Red blood cells 600,000 

Epithelial and s\hite blood cells 600,000 (male) 

1,000,000 (female) 
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ODSER\A'no\S I\ SCARLET FEVER 

Sediment counts were done three times a week for thirty daj’s (m a 
fcv. cases longer) on 14 cases of scarlet fever The patients selected 
were all males from 4 to 14 years of age and remained in bed dunng the 
entire period on a low protem, salt-poor diet One patient (number 2) 
had had scarlet fever seven years previously and another (number 1) 
had had an attack of acute glomerular ncphntis following tonsillitis 
(hemolytic streptococcus) a year earlier None of the patients developed 
the typical signs and symptoms of postscarlatmal nephntis 
The following clinical observations seem pertinent 
Temperature In two eases feviy persisted to the 9th and 12th days 
respectively m two others it continued to the 6th day In the rest the 
temperature was normal by the 4th day or sooner Transient rises in 
temperature after the first week were observed in three instances 

Compltcaltons There were no cardiac or arthritic complications 
Two eases presented a mild cervical adenitis One patient had an unex- 
plained fever on the 23rd day, and another patient developed a bilateral 
otibs with streptococcus hemolyticus cultured from the discharge 

Scarlet fever antttoxtn Five pabents received from 2,000 to 12,000 
units of anbtoxin before the Sth day of the disease Serum reacbons were 
observed on the 6th, 7th, Sth, and 9th days following the mjeebons In 
four of these cases there were slight abnormalibcs m the sediment count 
dunng the scrum reacbon Analogous changes have been observed in 
scrum sickness following diphthena and meningococcus anbtoxin It 
IS important to note that the pabents who received anbtoxin and suffered 
from serum sickness did not show at a later date sediment count abnor- 
mahbes different from those presented by pabents who received no scrum 
The individual cases are presented graphically in Charts 1, 2, 3, 4 
and 5 

Unnary studies wxirc not made dunng the Erst seven days in tw o eases , 
witli two cxccpbons the remaining twelve showed some increase in pro- 
tein, cast and cell cxcrcbon dunng that penod This was interpreted as 
the ' toxic albuminuna" which occurs dunng the febnle stage of my 
acute infccbon The cbology and pathogenesis of "toxic albuminuna" 
are not known, y ct it seems reasonable to believe that the unnary changes 
occurring dunng the febnle penod of invasion of an acute infccbon must 
have a diEcrent ongin and mterpretabon from tho-e which talc place 
in the afcbnlc penod some two or three weeks after tlie acute onset. 

Dunng the penod from 8 to 45 days after onset all eases showed in 
varying degree increases in the cxcrcbon of protein, casts and cells The 
highest levels reached were for protein — 174 mgm for casts — 1^320,000, 
for red blood cells — 12,915 000 for cpitlielial and white blood cells — 
9 460,000 The inaeascs were irregular and explosive in character 
Protein, cast and cell exaeuon rose and fell together at bmes but just as 



9S 


SEDIMENT COUNT IN SCARLET rE\XR 


often increased protein excretion was accompanied by normal cast and 
cell excretion and \nce \ ersa As counts m ere not done daily, m e ha\ c no 
accurate information as to the duration of these flare-ups The charts 
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Chart I 

R S , 14 years old Scarlet fo\er mild Temperature normal fourth day, 
no complications 

L 5,63 cars old Scarlet fc\ er mild Temperature normal sixth day, no 
complications Had acute glomerular nephntis one year before 

The light lines abo\e the base lines represent the upper normal limits for 
protein 35 mgm , for red and white blood cells 600,000 Any cast count that 
appears on the chart is abnormal, 1 e , aboxe 10,000 

of the inditadual cases show that flare-ups lasting 2 to 4 days were 
followed by normal or nearly normal counts for 2 to 6 days, when another 
brief nse occurred followed by a normal period In two cases there were 
three such rises 

There were no senous complications in the group In the four cases 
that had otitis, unexplained fever or adenitis, the changes during the acute 
phase of these compbcations were no more marked than in the uncompli- 
cated cases 

DISCUSSION' 

It IS difficult and perhaps not important to draw any definite line be- 
tween these sub-chnical changes and true postscarlatinal nephritis 
Except for red cell excretion the higher figures might be found m a mild 
case of acute nephntis Red cell excretion in an ordinary hospital case 
of nephntis Ts usually in the hundreds of millions As Addis (10) points 
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out, glomcruloncplintis is often a symptomlcss disease at onset. In our 
expcnencc in children, edema, Iivpcrtension and nitrogen retention arc 
not the rule For Addis (11), whose definition of nephntis is based on a 
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Chart 11 

M F , 7 jear* old Moderately Bc\crc scarlet feier Scarlet fcicr anti 
toxin IS 000 units on the second da> , serum sickness on the clc\ enth daj No 
complications 

S A,S>earsoId Mild scarlet fever Had adenitis on admission which 
subsided bj the seventeenth da> On the thirty sixth day definite increase in 
casts, red and white cells and temperature 100 5° F for a few hours 

The light lines above the base lines represent the upper normal limits for 
protein 35 mgm for red and white blood cells 600 000 Any cast count that 
appears on the chart is abnormal i c , above 10,000 

quantitative increase above the normal excretion of protein, casts and 
cells thc.se changes would represent nephritis McCrae (5) notes that 
in four fifths of his cases of well marked nephntis the diagnosis depended 
entirely on the unnary examinations PospischiU (12) speaks of an 
abortive course of nephntis in which only one or a few unnary speamens 
become hemorrhagic, so that clinically', the nephntis lasts only a few 
hours Caigcr (4) believes that "although changes in the renal tissue 
arc by no means ncccssanly present m an ordinary attack of scarlatina, 
yet simple albuminuria of any degree and acute nephntis, when they 
supervene, arc due essentially to the same morbid process varying 
simply in intensity, or in the vulnerability of the kidney in the particular 
subject ' He supports his view by the following clinical observations.- 
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the relati\ e prevalence of simple albummuria and acute ncphntis in any 
particular outbreak, their tendency to appear under the same en\nron- 
mental conditions (defiaent \'entilation, o\ercrouding) , their common 
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Chart III 

T M , 14 > cars old Mild scarlet fever Seventh to eleventh days cervical 
adenitis, temperature 100° to 102° F Exacerbation of adenitis tv. enty-seventh 
and twenty -eighth days v.nth temperature 100° to 102° F 

F P , 14 years old Moderately severe scarlet fever Temperature normal 
tenth day Scarlet fev er antitoxin 10,000 units on the fifth day, scrum sickness 
on the thirteenth day No compheaUons 

N S, 4 years old Mild scarlet fever Temperature normal on the fifth 
day No complications 

The light lines above the base lines represent the upper normal limits for 
protein 35 mgm , for red and white blood cells 600,000 Any cast count that 
appears on the chart is abnormal, i e , above 10,000 

tendency* to develop at the same stage of the illness The age liability is 
also m agreement, that is, the susceptibility to either affection is fairly 
constant from the second year to the fifteenth Ker(8)says "It is hard 
to resist the conclusion that the difference between the two conditions 
(late albuminuria and true nephritis) is only one of degree 

Tor purposes of discussion we have used the terms "renal irritation 
or “raicro-nephntis,” but until there is a better definition of nephritis, it 
15 immaterial what name is applied The important points are that in 14 
cases of scarlet fever there appeared in the unne in slight degree the 
qualitative changes that are found in nephritis, and that these changes 
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occurred at the time W'c expect postscarlatina] ncphntis to develop 
A Etud> of the literature indicates that these changes take place in a great 
majonty of cases of scarlet fever 
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Chart IV 

A S, 7 years old Mildscarlctfcvcr.afebnle throughout, no complications 

\V C , 9 ycari old Mild scarlet fc\cr, temperature normal 3d day 

J A , 7 years old Moderately set ere scarlet fever, temperature normal 
fith day, 5,000 units scarlet fever antitoxin on 4th day, serum sickness ndthout 
temperature on Uth day 

The light lines above the base lines represent the upper normal limits for 
protein 35 mgm , for red and white cells 600 000 Any cast count that appears 
on the chart is abnormal, i e , above 10,000 

\Vc have no data to present concerning the mechanism of the urinary 
changes we arc reporting Evidence is accumulating which points to the 
view that the development of postscarlatinal ncphntis is concerned in 
some way with the immunological reactions of streptococcus hemolyticus 
Eschcnch and Schick (13) first drew attention to the analogy lictwccn 
ncphntis and the group of allergic reactions and suggested that ‘it might 
be a case of hypcrscnsibility of the organism which is expressed in the 
ability of small amounts of pathogenic substxmcc to awaken clinical 
symptoms whicli at another time would be tolerated without any rcic 
non " More rcccntiv this idea has been chborated by Fncdcmann and 
Dcichcr (14) md by Longcopc (15) Since the sub-climcal changes we 
havx observed occur at the same time that true ncphntis develops and ire 
tiualitauvxly the same as ihosp^oy^’JtsbfflOSBhs it seems likely that the 
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same mechanism is at work m both condibons Our obscrt'abons and a 
stud> of the literature indicate that the majontj of indmduals tiho 
contract scarlet fever make a satisfactorj immunological adjustment in 
the postfebnle period Kidnej damage is slight, shown onI> by unusually 
careful examination of the unne, the nephritis is aborted A few individ- 
uals arc unable to make this adjustment and develop true postscarlatinal 
nephritis 

Studies shortly to be published indicate that similar unnarj changes 
occur in children who arc infected with streptococcus hemoljticus and 
streptococcus vindans and in those with an active rheumatic infection, 
w hereas, they occur infrcquentlj in children with pneumococcus infection 

SUIIJIARV 

1 The technique of Addis for the quanbtativi: mensuration of 
protein casts and cells in the unne has been applied to 14 cases of scarlet 
fever All cases showed moderate transient increases in the excretion of 
protein and formed elements dunng the period from 8 to 4S daja after 
onset of ECirlct fever 

2 The relation of these changes to true postscarlatinal nephntis is 
discussed 
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THE EFFECTS OF TEMPERATURE AND OF TISSUE PRES- 
SURE ON THE MOVEMENT OF FLUID THROUGH 
THE HUMAN CAPILLARY WALL 

EUGENE M LANDIS and JOHN H GIBBON, JR. 

{From the RoUneite foundation of the TTosfntal of the Untversity of Pennsykanta, 
PhUadetphta) 

{RcccI\*«I for publication August IS, 1932) 

The vanous plij'sical factors concerned in transportmg fluid through 
the human capillary wall ha\c rccci\cd rclam'cly little attention in 
spite of the value that such information might have in danfying the 
complicated mechanism of fluid balance and the CATn more involved 
mechanism of edema formation The present lack of information is to be 
nsenbed, in all probability, to the difficulty of obtaining quantitatit'C 
data concerning the filtration and absorption of small amounts of tissue 
fluid At present the plethysmograph offers the only available means of 
detecting small changes in the volume of CAtravascular fluid 

The ordmarj plethysmograph was found by Krogh, Landis and 
Turner (1) to be quite unsuitable for measuring the \ olume of bssue fluid 
accumulating during short periods of slight or moderate venous con- 
gestion Therefore, a 60 <alicd "pressure plethjsmograph" was devised 
to e-xdude spontaneous vanabons in arm volume referable to changing 
Atisomotor tone Pressure was exerted on the surface of the segment of 
forearm wathin the plethj’smograph m order to collapse the blood \essds 
before the final volume was measured Under these conditions the state 
of contraction or dilatation of the blood xtssds did not, within certain 
limits, interfere w ith the re'isonabl> accurate mcTiurcmcnt of changes in 
the N olume of tissue fluid 

It was found in normal subjects that fluid was filtered into the tissues 
of the forearm when the stnous pressure exceeded 15 cm water Abot-e 
an average venous pressure of 17 cm water the rate of filtration was 
directly proportional to the increase in venous pressure \\Tien the 
subject stood motionless the colloid osmotic pressure of the blood rore and 
the rate of filtration produced b) given grades of venous congestion fell 
Thus changes in capillarj pressure and in the colloid o<motic pressure of 
the blood influenced die movement of fluid through the capillary’ walls of 
normal human subjects in a manner conforming to the Starling hvpothcsis 

If capillary blood pressure and the colloid osmotic pressure of the 
blood were the sole factors involved in fluid balance it would be difficult 
to explain how it is possible for the human being to avoid dependent 

IDS 
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edema ■v\hene\er the erect posture is assumed The observations re- 
ported in this paper are concerned wth tt\o additional factors \\hich 
modify conspicuously the rate at uhich fluid is filtered through the 
capillary wall It wall be showm that the presence of fluid in the tissue 
spaces diminishes or e^en abolishes the filtration ordinarily produced by 
low grades of venous congestion It seems probable, therefore, that fluid 
accumulating in the tissue spaces develops a tissue pressure which retards 
filtration and reduces the further loss of fluid from the blood stream 
In an effort to dirmnish the vanability in measurements of filtration 
rates the effects of temperature were studied In axtending the studies of 
Drury and Jones (2) it was found that the rate of filtration depends on the 
temperature of the forearm even when low venous pressures, well within 
the phj'siological range, are used 

APPARATUS 

The "pressure plethjsmograph" used in these observaPons operated on the 
same general pnnaples as the one dc\nsed by Krogh, Landis and Turner (1) 
It was modified, however, so that each determination of "reduced arm v'olume" 
(i e tissue volume with the blood vessels collapsed) required only two minutes 
This was accomplished (a) by fixing both the plethysmograph and forearm to a 
heav > iron base, (b) by subsUtuPng rigid aluminium diaphragms for the rubber 
ends of the earlier apparatus, and (c) by using a pressure of 200 mm Hg 
(instead of 55 cm water) to compress the segment of forearm within the plc- 
thysmograph In addiPon, by equipping the apparatus with a double wall, the 
temperature of the plethysmograph and of the water contained within it could 
be maintained approximately constant throughout each observaPon 

The plethysmograph, shown in Figure lA, was made of brass, 0 5 mm in 
thickness, shaped in the form of a double-walled truncated cone, having a 
length of 16 cm The inside diameter at the upper end was 9 cm , at the low’er 
end 11 cm The inner wall (7) was separated from the outer (0) by a distance 
of 0 5 cm , making a closed chamber through which water from a 20-liter reser- 
voir was arculated by a small centnfugal pump expelling 6 liters per minute 
This prev ented the w ater inside the plcthy smograph from gaining or losing heat 
from the air, and kept the apparatus at a rclaPvely constant temperature 
A sleeve {S) of thin rubber, 0 25 mm in thickness, 36 cm long, and 8 and 
10 cm in diameter at the ends, was placed inside the metal case The ends of 
this rubber sleeve were everted and attached firmly (S') to the ends of the 
plethv smograph The rubber was cemented to the metal, contact being 
maintained by stretching a band of rubber, 1 cm wade and 2 mm thicl , ov er the 
ends of the sleeve and the plethysmograph An adjustable metal hoop, 1 cm 
in width, enarcled each end of the sleeve wath its rubber band To avoid 
complicating the diagram in Figure 1/1, neither the rubber nor the metal bands 
are shown The rubber sleeve was made large enough so that when collapsed 
It axtended about 4 cm beyond the ends of the plethysmograph, when filled 
vath water under pressure the sleeve lay against the arm in a senes of folds (F) 
Each end of the plethv smograph was closed by three aluminium diaphragms 
(£)), 0 5 mm thicl , 14 cm wide and 14 cm long, shaped as shown in Figure IB, 
which rep'csents an end vaew of the apparatus The inner edge of each dia- 
phragm V as cut out, leavang a semicircular space to accommodate the forearm 
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With a set of such diaphraRms haMnc openings \-arjunB bctti’ctn 4 and 10 cm 
in diameter, forearms of different sizo and shapes could be fitted accurately 
enough to keep the thin rubber sleeve, eten vthile distended, inside the pie 
thjsmograph The diaphragms •acre held in place by brackets (B) attached 
to each end of the plethysmograph A thick rubber washer (TfO aas placed 
beta-cen the diaphragms and the end of the plethj’smograph to present the 
thin rubber sices e from being cut by the sharp edges of the diaphragms. 
The central part of this washer consisted of a sheet of thin rubber dam {DA) 
ssath a central opening basing a diameter slightlj smaller than the corresponding 
segment of forearm This pres ented the inner bag from escaping through any 
small space left between the edges of the metal diaphragms and the skin 
Each diaphragm was slotted {SL) so that it could be mosed inward or rotated, 
on the screw {SC) until it seas in gentle contact with the skin of the forearm 
The aluminium diaphragms, when thus adjusted, were fastened tightly against 
the rubber svasher and the end of the plcthysmograph by screwing a heas-y 
brass nng (J?), 3 mm in thickness, against the three brackets This presented 
the rdntis elj thin aluminium diaphragms from bulging w hen the pressure inside 
the plcthysmograph was raised 

The large opening into the center of the plcthysmograph was closed by a 
rubber stopper {RU) which contained a glass tube (T) Pressure tubing con 
neaed this glass tube with the burette {BU) through the double walled glass 
bulb {BL) The space between the inner wall of the plcthysmograph (/) and 
the thin rubber sleet c (5), the glass bulb {BL) the burette {BV) and the pres 
sure tubing were all filled wath water as shown in Figure 1C The temperature 
of the water in the plcthysmograph was measured by means of a thermal junc 
tion inserted to the \cry tip of the glass tube (G) which extended about 2 cm 
beyond the inner surface of the rubber stopper 

During each determination of "reduced arm \olume’ otcrlOOcc of water 
mo\ed from the burette {BU) into the plcthysmograph To present the 
temperature of the water in the plethyamograph from fiuctuating, the double 
walled glass bulb {BL) was inserted between the plcthysmograph and the 
burette. The inner chamber of this double-walled bulb had a capaaty of 275 
cc and communicated with the burette and the inside of the plcthysmograph 
Water from the rcscrsoir and pump passed through the outer chamber of the 
bulb thence to the space between the inner and outer walls of the plcthysmo- 
grapb and finally back to the rcscrsoir Thus the bulb and the plcthysmo- 
graph were kept at the same temperature andwhenescr' reduced arm solume ' 
was determined, the water mosang from the burette displaced water at a con 
stant temperature from the Inner bulb into the plcthysmograph 

The burette was of the ordinary 100 cc. sue with graduations of 0 1 cc 
A larger tube hasang a capacity of 100 cc. and a length of 30 cm w as fused to 
the upper end of the burette and calibrated in centimeters The total solume 
of this modified burette was 200 cc the calibrauons were so arranged that 
changes in total arm solume were read In units of 1 0 cc. (see protocol 1) while 
reduced arm solumes were read in units of 0 I cc. TTie upper end of the 
burette communicated through a \ tube either with room mr or with a 40- 
liter resers oir containing air under a pressure of 200 mm Hg 

\rnou5 pressure was eles-ated by inflating a pneumatic cull 50 cm long 
and IS cm wade which enarcled the arm just abose the elbow 



PROTOCOl, 1 

] etwiis coni^estion 50 cm water for 10 minutes Subject J G Date April If, 1932 
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Vcnou* congestion 50 cm water 
I32a 

Toll! Incrcaw in \‘olamc dunng congestion 8»5 cc, 
liatc of filtration 125 cc, per minute per 100 cc of arm 
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METHOD 

The burctte-plethj^mograph s>-stcm v.as first partially filled with 
water and any air bubbles that had accumulated were remo\cd The 
pump was started and water at the desired temperature (14 5, 24 5, 34 5 
or 44 5° C ) was circulated through the outer portions of the plethysmo- 
graph and of the glass bulb 

In all of the observations described here the subjects were m the 
recumbent position The arm was abducted and the elbow' was flexed at 
right angles to the upper arm, wnth tlic forearm extending vertically 
The postenor surface of the arm rested on the base of the heavj' iron 
standard as shown in Figure 1^4 In this position the iron base prevented 



Fig li4 Diagram of the Pressure PLExn^sMOGRArn, Forearm, axd 

Standard 

For description see text 

Fig IB Diagram Siiowtng an End View of the Plethtsmograpii with 
THE Three Diaphragms and Hea%'x Brass Ring 
Fig 1C Diagram Showing the Arrangement of the Burette, Dourlf- 
Walled Bulb and the Plethtsmograph 

the forearm from mo^^ng wath reference to the plethj'smograph even 
when the pressure was raised to 200 mm Hg The plethysmograph, 
wnth the inner sleeve collapsed, was lowered over the forearm and 
adjusted so that its midpoint was level with the manubrium stemi The 
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fingcrB were lightly (Icxcd o^■cr a honzontal bar clamped to the standard 
and fixed wath adhcsiw tape The aluminium diaphragms were then 
moacd against the forearm and firmly clamped m place. 

The position of tlie arm in relation to the plcthysmograph was only 
rclativailj secure It tins necessary for the subject to remain absolutely 
still if reliable readings were to be obtained Therefore e\a:ry effort was 
made to haaa: the subject entirely' comfortable before an c.vpcnment 
began It was usually inadvisable to prolong the duration of an obser- 
vation beyond two hours because after that time increasing discomfort in 
the region of tlic elbow sometimes made the subject restless 

With tlie forearm in position water at the chosen temperature (14 S, 
24 5, 34.S or 44 5° C ) was poured into the burette. As the plcthysmo 
graph filled, the thin rubber sleeve was pushed against tlie stan and 
diaphragms by' water displaced from the glass bulb The burette was 
filled almost completely and its upper end was then connected to the 
"Y" tube wath the limb leading to room air open, and the limb leading to 
the resen oir containing air at a pressure of 200 mm Hg closed 

The surface of the water in the burette was always kept level wath the 
upper edge of the plcthysmograph (see rigure 1C) The volume of 
water m the burette plcthysmograph system remained unchanged 
throughout each experiment so tliat whenever the volume of the arm 
decreased, the surface of the water m the burette fell below the point of 
reference — i e the upper end of the plethysmograph The burette wais 
then raised to return the surface of the waiter to this level and, pressure 
thus being constant, the volume change could be read directly from the 
burette When arm volume decreased, the burette reading m cubic 
centimeters became higher when arm volume increased, the burette 
reading in centimeters became lower, by an amount equal to the change in 
arm volume 

The term ‘reduced arm volume ’ wall be used m the same sense 
described before by Krogh, I-andis and Turner (1), it refers to the 
volume of the segment of forearm in the plcthysmograph when the blood 
vaissels are collapsed by external pressure. 

Protocol 1 representing a typical expenment shows the procedure 
used in measuring the volume of fluid filtered m ten minutes by a venous 
prcs'urc of 50 cm water The surface temperature of the forearm 
outside the plclliysmograph was mea-sured by means of a thermal 
junction placed against the skin midway between tlie lower edge of the 
plethysmograph and the elbow These readings recorded in Protocol 1 
and Table 1 under Arm temperature indicate the skin temperature in 
those portions of the forearm wliicli were exposed to the air ‘Plcthysmo 
graph temperature refers to the water surrounding the segment of 
forearm within the plcthysmograph Air temperature was mc.asurcd by 
means of a third thermal junction near the forearm 
8 
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After the arm had been properlj adjusted in the plethjsmopraph 
readings of arm \olume were begun on the fifth minute, the top of the 
burette being open to the air On the sivth minute the burette was 
placed in communication wath the 40-liter reservoir containing air at a 
pressure of 200 mm Hg Water passed rapidl> from the burette into 
the plethj'smograph, the burette reading changing from 41 0 to 134 5 cc 
during the first 30 seconds As water was forced out of the burette 
into the plethysmograph the burette was slowly raised in its holder so 
that the surface of the water was alwaj's lev'el with the upper edge of the 
plethysmograph During the first 5 to 10 seconds after pressure was 
raised the subject expenenced throbbing in the forearm but as soon as 
suffiaent water had entered the plethysmograph to elevate the pressure 
abo\e systolic blood pressure this sensation disappeared The blood 
expressed from the collapsed blood \essels of the forearm could leave 
through the open \eins proximal to the plethysmograph 

The change in volume observed during the first 30 seconds of the 
pressure penod usually amounted to betw'een 80 and 110 cc , the exact 
figure depending chiefly on the temperature of the forearm Part of 
this change, about 35 cc , was due to stretching of the rubber tubing, 
to readjustments of the folds in the rubber sleeve, and to slight bulging of* 
the ends of the plethysmograph Dunng the second penod of 30 seconds 
the change in volume usually amounted to about 2 cc , dunng the third 
period of 30 seconds to 1 0 cc and dunng the fourth penod of 30 seconds 
to between 0 4 and 0 9 cc Only the final reading, obtained after the 
pressure had been applied for 2 minutes, was used in calculations, but 
readings were made at intervals of 30 seconds to be certain that the 
change in volume dunng compression was quite regular Very oc- 
casionally inv'oluntary movements of the muscles of the forearm invali- 
dated a determination of “reduced arm volume," a condition made 
evadent b> irregular changes in v'olume dunng the penod when pressure 
was applied 

After arculation had been occluded for 2 minutes the rubber tube 
between the compressed air reservoir and the top of the burette was 
clamped off, the burette being placed once more in communication with 
room air Water left the plethj'smograph and the burette readings 
changed rapidlj to the prevaous v alues, v^ar>ang, in Protocol 1 , betw ecn 40 
and 43 cc After a rest penod of 8 minutes (at times only 3 minutes) the 
determination of "reduced arm volume" was repeated, for comparison 
wath the first reading Dunng the control penod this procedure was 
repeated until the readings of "reduced arm volume” became relatively 
constant. 

It was usual, as showai in Protocol 1, for the second reading of “reduced 
arm volume” to be lower than the first by 1 0 to 2 0 cc The difference 
betw cen successiv e readings became less and less and finall> tw o succcssiv c 
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readinRB commonly differed by leas than 0 9 cc. The control penod nas 
prolonged until this vi-as the ease in order that the measurement of 
' filtration might not inioU e large errors due to conspicuous changes in the 
original "reduced arm solume ’ 

In the experiment shown in Protocol 1 the third and fourth determi- 
nations of ‘reduced arm volume" were the same At the end of the last 
control determination (thirty-eighth minute) tlic pressure in the plcthys- 
mograph vves released and simultaneously the armlet was inflated to 
elevate venous pressure m the forearm to SO cm water 

To raise venous pressure in the verticallj placed forearm to a given 
figure, the pressure m the pneumatic cuff encircling the upper arm must be 
greater by the hydrostatic pressure of the column of blood in the vertical 
veins of the forearm The segment of forearm wothin the plethysmograph 
was supported by vrater cxtcmallj so that the cffectiv e venous pressure in 
the forearm enclosed by the plethysmograph was that c-xisting at the 
upper surface of the plethysmograph Thus to elevate venous pressure 
in the segment of forearm within the plethysmograph to SO cm water 
required that the pressure in the veins of the upper arm be SO cm water 
plus the hydrostatic pressure of the column of blood extending from the 
level of the upper arm veins to the top of tlie plethysmograph 

In the expenment described in Protocol 1 the top of the plethysmo- 
graph was 18 cm above the upper surface of the arm The diameter of 
the arm was 8 S cm The large veins arc situated near the middle of tlic 
arm so that the correction was computed by adding to 18 0 cm half the 
diameter of the upper arm (4 25 cm ), making a total correction figure of 
22 25 cm Thus to produce a venous pressure of SO cm water in Uic 
forearm required that the pressure in the pncumapc cuff on the upper 
arm be elevated to 72 25 cm water 

This correction figure determined separately forcacli observation, was 
always between 22 and 23 cm water The approximate accuracy of this 
correction was venfied further in certain instances by determining the 
cuff pressure which produced the first measurable engorgement of tlie 
veins in the plethysmograph Changes in total arm volume were fol 
lowed while the armlet was inflated successively to 10, 15 20, 25, 27 5 and 
30 cm water pressure It was necessary to elevate the armlet pressure to 
between 25 and 27 5 cm before engorgement of the veins could be 
detected in the readings of total arm velumc. To measure venous 
pressure by capsular methods proved to be impossible when the forearm 
was in the vertical position The need for this correction figure when 
the forearm is vertically placed, makes it unwise to draw too definite 
conclusions involving absolute venous pressures It docs not affect 
conclusions based on the comparative effects of vanous venous pressures 
or of one venous pressure over long penods of time Hereafter, only the 
effective venous pressure m the forearm segment wall be menuoned, the 
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corresponding armlet pressure being alMa>s greater b\ between 22 and 
23 cm M'atcr 

The aenous pressure used in the c\pcnment recorded in Protocol 1 
Mas 50 cm Mater, the congestion being continued for 10 minutes The 
cuff pressure Mas then released, and tlirce seconds later the pressure in the 
plcthjsmograpli Mas again elexated to 200 mm Hg The " reduced arm 
xolumc” Mas 132 2 cc , Mhich, b> companson Math the previous reading 
of 140 7, indicated that tissue \olume Mas S 5 cc greater as a result of 
congestion 

The apparatus Mas then removed and the xolumc of the segment of 
forearm enclosed by the plethx smograph Mms determined according to the 
method prexaouslv described (1) The rate of filtration at a gn cn x cnous 
pressure M-as computed by dixading the change in “reduced arm xolumc" 
b} the duration of the congestion and by the x^olume of the segment 
Piltration rate xxas always expressed in terms of cc of fluid filtered per 
minute pier 100 cc of arm Where xolumc changes alone were considered 
thex were recorded in terms of cc of fluid per 100 cc of arm 

OBSERXATIONS 

The studies reported in this paper were made on two male subjects 
(J G and E L ) with normal blood pressures A few experiments xxcrc 
repeated, using other normal subjects, the results were identical xx'ith 
those to be desenbed All filtration rates xxere determined after the 
subject had been recumbent for at least 30 minutes 

A number of control expenments xxere made in order to determine the 
limitations of the apparatus and method It is obxaous that the accuracj' 
with xxhich change in xolumc xxas measured depended upon (a) the 
uniform distensibilit> of the apparatus (including rubber tubing, the ends 
of the apparatus, etc ) dunng repeated penods of elex ated pressure, (b) 
the umformitx' with xxhich the rubber sleexe applied itself to the surface 
of the forearm m repeated penods of elex ated pressure, and (c) the 
fixation of the arm relatixc to the plcthj smograph 

The first two points xxere tested by determining “reduced arm 
xolumc” at intervals of 5 and 10 minutes using a wooden model of the 
forearm When pressure was raised to 200 mm Hg approximately 35 cc 
of water left the burette, this change was due chiefly to closer application 
of the rubber bag to the forearm, stretching of the rubber tubing, and to 
slight bulging of the diaphragms at the ends of the plethysmograph 
Repeated readings of ‘‘reduced arm volume,” each made at the end of the 
umal two-minute pressure penod, were practically constant Thus m 
one experiment 6 determinations made dunng 54 minutes were 59 7, 
59 S, 59 S, 59 S, 59 S, 59 S cc In a second experiment 6 determinations 
made dunng 51 minutes were 44 0, 44 0, 44 0, 44 0, 44 0 and 44 1 cc 
Trese observations made on a wooden model of the forearm, under 
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conditions othcruTse identical mth those obtaining dunng studies on the 
human subject, show that the clastic parts of the apparatus distended 
equal!} in 8ucccssi\e determinations and that, with a pressure of 200 mm 
Ilg, the thin rubber sleeve was applied to the surface of the forearm with 
great accurac} 

Nevertheless, whenei'cr a senes of rendings of "reduced arm volume" 
were made wath the forearm in the pleth}’smogiapIi the successive values 
as indicated in Protocol 1 showed a definite tendency to fall off As 
obserted previously (1), this tendenc} is greater wath the first one or two 
readings becoming less in later readings WTien the readings were made 
at intervals of five or ten minutes the first two or three readings usually 
differed by from 0 8 to 2 0 cc., alwa}'s indicating an apparent decrease m 
arm volume After the first three or four readings, however, the decrease 
in "reduced arm volume’ rarely amounted to more, and was usuall} 
less than 0 9 cc for a segment of forearm having a volume of approxi 
mately 700 cc This slow apparent decrease in "reduced arm volume" 
continued as long as the determinations were made It was possibly due 
to the high pressure used, although similar changes in “reduced nrm 
volume' were observed with the much lower pressure used in the earlier 
method (1) Moreover ‘ reduced arm volume" decreased slowly when 
readings were made at intervals of five, ten or twenty minutes Certain 
compamtivc expenments desenbed below, mdicate that the amount of 
tissue fluid ex-pressed from the segment of forearm within the plethysmo- 
graph by a two minute penod at 200 mm Hg must be rclativel} small 

It is also possible (a) that placing the forearm in the vertical position 
ma> lead to a slow progressive readjustment of the equilibnum between 
tissue fluid and blood, or (i) that the forearm cannot be fixed m position 
as rigidly as the wxioden model In an effort to obtain consLant readings 
in control observations numerous expedients were tned without success 
In any case the apparent decrease in volume dunng the latter part of 
each control penod amounted usuall} to less than 0 015 and rarely to 
more than 0 020 cc per minute per 100 cc, of arm This change was 
small in companson to the filtration rates observed at venous pressures 
above 20 cm water, and introduced little error in the comparative 
studies reported here The higher pressure and the vxuTical position of 
the forearm could not l)c aveidcd since it wes essential that readings lie 
made repeatedly at short intervals 

B} using a high pressure in the pleth}-smogTaph the arculation could 
be stopped in the forearm itself This left the veins of the arm open and 
the amount of blood w liicli could be conducted awa} from the compressed 
forearm was not limited When the armlet was inflated for one minute 
pnor to the determination of reduced arm volume’ the amount of blood 
imprisoned in the veins wathin the pleth}-smograpli might be as much as 
30 to 40 cc Nevertheless, although the determination of ’ reduced arm 
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\olume” began c\en within two or three seconds after the release of 
congestion the final reading at the end of two minutes’ comprc'^cion 
Mined b> onl> a few tenths of a cc from the control readings made when 
the "reduced arm lolume” was determined with preMousl> undistendcd 
veins This indicated that the escape of blood from the forearm was 
quite complete Additional c\idence of the rclatu el> complete remo\-al 
of blood b> the pressure of 200 mm Hg may be found in Figure 5 

(A) The relationship between venous pressure and the rale of filtration at 

34 to 35° C 

These observations were earned out m two ways In the first senes 
of observations after the subject had been recumbent for at least 30 
rmnutes and after two successi\-e readings of "reduced arm volume” had 
agreed within 0 9 cc or less, the venous pressure was elevated to 20, 30, 
40, 60 or 80 cm water for a penod of 30 minutes At the end of the 
thirtieth minute the venous congestion was released and immediately 
thereafter the pressure within the plethysmograph was elev^ated to 200 
mm Hg The burette reading at the end of tw'o minutes was compared 
with the reading taken under similar conditions immediately before the 
penod of congestion The temperature of the plethysmograph was 
maintained between 34 to 35® C throughout the control and experimental 
penods 

The results of the senes of determinations after 30-minute periods of 
congestion are shown in Figure 2 It may be observed that, in agreement 
with previous results, when the rate of filtration is plotted against venous 
pressure the pioints are distnbuted about a straight line This line passes 
through the line of zero filtration at a venous pressure of 14 cm water 
The value obtained previously (1) was approximately 17 cm water 
Above 14 cm water the rate of filtration is directly proportional to the 
venous pressure within the range tested The unit rate of filtration, i e 
the change in filtration rate corresponding to a change of 1 cm water in 
venous pressure, amounts to 0 0028 cc per minute per 100 cc The 
value previously reported (1) for a congesPon penod of 30 minutes was 
0 0023 cc per minute per 100 cc 

Sinular results were obtained in a senes of expenments in which the 
penod of venous congestion was diminished to 10 minutes In Figure 3 
are shown the filtration rates observ ed at a temperature of 34 to 35° C 
In this senes after the usual control penod in which two successive 
readings of "reduced arm volume" agreed to within 0 9 cc or less, venous 
pressure was elevated to between 5 and 60 cm water The congestion 
was conunued for onlv 10 minutes and then released, to be followed 
immediatelv b> another determination of "reduced arm volume" 
Under these arcumstances the spread of the filtration rates observed at 
anv pven venous pressure was considerably greater This was to be 
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expected because of the greater error mvoK-cd in measuring the smaller 
total amounts of fluid The general relationship betn-ecn venous pressure 
and rate of filtration is, hotvever, the same in that the points arc dis 
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Tig 2 SnotiosG Rates of Filtratton Produced during 30 Minutes d\ 
Venous Pressures bctweev 20 an-d 80 cu Water 
Plcthysmograph temperature nas 34 to 35' C 

tnbuted about a straight line This line intersects the line of zero 
filtration at 10 cm tvatcr Abo\c 10 cm reater the rate of filtration is 
directly proportional to \cnous pressure The rates of filtration obtained 
dunng 10 and 30 minute penods differ in tao respects In the first 
place tile unit change in rate of filtration nath tlie ten minute periods is 
somcuhat greater than that obsciacd ttath the thirty minute periods of 
congestion, amounting nath the shorter penod to 0 0033 cc. per minute per 
100 cc. of arm for a change of 1 cm aatcr in acnous pressure In the 
second place, at any p\cn acnous pressure the aacrage rate of filtration in 
cc. per minute per 100 cc of arm dunng 10 minutes is greater than that 
oliscraed during thirty minutes 





118 


nir\L\N OVriLLARl -UALL 



Fig 3 S^o\^^^G Rates of Filtration Produced during 10 Minutes ni 

Venous Pressures bett^een 5 and 60 cm Water 
Plcth\ smograph temperature was 34 to 35° C 

(B) The relation bel-uecti local temperature and the rate of filtration 
Drur>' and Jones (2) ha\ e already showm that at high venous pressures 
temperature conspicuously modifies the rate of filtration in the lower 
extremities It seemed essential to detemune whether a similar effect 
was to be observed at lower venous pressures more nearly wathin the 
ph\siological range Figure 4 shows the change in "reduced arm 
Nolume” observed after ten minutes of congestion at 60 cm water wnth 
plethvsmograph temperatures at 14 to 15, 24 to 25, 34 to 35, and 44 to 
45° C Each s\mbol (dot, arcle, etc) represents a determination of 
“reduced arm xolume," requinng two minutes' stoppage of arculation 
Dunng the control penod it ma% be observed that "reduced arm volume ’’ 
diminished shghtK A venous pressure of 10 cm water failed, except at 
the lowest temperature, to produce anv significant filtration \t 14 to 
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15° C a N-cnoua pressure of 60 cm water filtered dunng 10 minutes 
approximately 0 9 cc. of fluid per 100 cc of tissue, or 6 3 cc in a segment 
of forearm with a xTiIumc of 700 cc At 24 to 25° C , 34 to 35° C and 
44 to 45° C the amount of filtered fluid became greater with each step in 



Fig 4 SnowiNC Change in ' Rbouceo Arm Volume" PRonucBD by 
Elexatino Venous Pressure to 10 c»i Water for Ten Minutes, ant) 
TO 60 CM \\ ATER FOR Tfn Minutes, AT Temperatures or 14 TO IS 24 to 25, 
34 to 35 ANTJ 44 to 45' C 

Each B> mbol (arcle dot etc.) represents a determination of “reduced arm 
xolume requinng two minutes complete stoppage of blood flow 

temperature Tlic me of filtration at 44 to 45° C was approximatclj 
twice that observed at 14 to 15° C 

Table 1 shows the results of a larger senes of observations made at 
these four temperatures using venous pressures from 10 to 60 cm 
water With a venous pressure of 10 cm water slight filtrabon was 
oliNerved with a temperature of 14 to 15° C but no filtration could be 
detected at the higher temperatures All the figures however, are 
Within the range of error of the method With a venous pressure of 20 
cm water filtrition was observed at all temperatures but the average 
rates did not differ sigmficantlj , the average figures varying from 031 cc. 
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\rm temperature rcfira to the skin temperature of the forearm outside the plcth>3mograph 
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"reduced arm •volume" rose at approximatcK the same rate as did total 
arm ^ olumc 

In both curves of "reduced arm ^x)l^mc” the rate of change is mo^t 
rapid dunng the first feu minutes becoming graduallj slower as the 
penod of congestion lengthens Thus, dunng the first 6 minutes a 
\ enous pressure of 60 cm -w atcr filtered fluid at a rate of 1 0 cc per minute, 
•whereas dunng the last ten minutes of a 75 minute penod the same ^ enous 
pressure filtered fluid at a rate of only 25 cc per minute 



Fig 6 SnowasG the CnASCE in the Rate of Filtpation When Venous 
Pressupe was Elevated for Long Pepjods of Time 

The gradual decrease in filtration rate when Nenous pressure was 
e’evated over a long penod of time is shown in Figure 6 In this scries of 
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observations A-cnous pressure was elected to 20, 30, 40 or 60 cm ^^'atcr 
for periods totalling between 3S to 90 minutes, while “reduced arm 
velumes ' were determined repeatedly usuallj at intervals of 10 rmnutes 
The rate of filtration produced b> any given \enous pressure decreiscd 
conspicuously as the period of congestion lengthened Thus a venous 
pressure of 60 cm water filtered fluid into the tissue spaces at the rate of 
156 cc. per minute per 100 cc. of arm during the first 6 minutes The 
rate was reduced to 110 between the 7th and ISth minutes, and to 040 
betwreen the 65th and 75th minutes 

Similar results were obtained wuth a venous pressure of 40 cm water 
nitration ratfs onginallj shghtlj abo\e 100 cc per minute per 100 cc, of 
arm were reduced after 35 or 40 minutes to less than 040 cc per minute 
per 100 cc of arm A \enous pressure of 30 cm water filtered fluid at 
rates of 054 and 085 cc per minute per 100 cc of arm during the first 5 
minutes and at rates of 020 and 013 cc per minute per 100 cc. of arm at 
the end of 60 minutes A aenous pressure of 20 era w atcr filtered fluid at 
a rate of about 040 cc. per minute per 100 cc. of arm during the first 10 
minutes of congestion In two experiments no filtration could be 
detected after 35 and 55 rmnutes of congestion respectively From this 
It appears that a venous pressure of 20 cm water may after a time 
completely lose its poway to produce filtration A venous pressure of 30 
cm water produced filtration even after a penod of 90 minutes 

From the preceding results it is obvious that the cfrcctiacncss of any 
given venous pressure in produang filtration depended, among other 
things, upon the length of time during which the venous pressure had been 
acting The longer the penod of congestion, the greater was the volume 
of fluid in the tissue spaces and the slower the rate of filtration If this 
change in filtration rate is due to the accumulation of fluid the filtration 
rate observed should depend upon the amount of fluid in the tissue 
sp,ices and not upon tlic venous pressure which caused it to accumulate 
there. 

Tins was tested by mcvsunng filtration dunng alternating penods of 
congestion with pressures of 20 (or 40) cm water and 60 cm water, ns 
showa in Figure 7 ^ftcr a senes of control measurements of "reduced 
arm valumc ' venous pressure was elevated for a penod of ten minutes to 
60 cm water The second determination of "reduced arm valumc" was 
followed in one expenment by a ten minute penod at 40 cm and in 
anothy by a similar penod at 20 cm This alternation of high and low 
venous pressures was conUnued until fluid was no longer filtered at tlic 
low cr pressures 

When venous pressure was rai'ed to 60 cm water dunng a senes of 
short periods the "reduced arm volume ' increased more and more 
slowly dunng each succeeding ten minute penod (Figure 7, dots ind solid 
hnes) When venous presnire was raised alternately to 60 cm. and 40 
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cm water the latter pressure produced slight filtration on the first oc- 
casion, negligible filtration on the second, and on the third and fourth 
occasions fluid uas sloulj rcmo\ed (Figure 7, arclcs and dotted line‘s) 
Hence, ele\'ating %enous pressure to 60 cm i\ater for a sufficicntU long 
period of time completel> prc\entcd subsequent filtration at 40 cm 
water Apparently an accumulation of 4 cc of fluid per 100 cc of ti'^sue 
was sufficient to abolish the further filtration of fluid by a \ enous pressure 
of 40 cm water 



Fig 7 Showing Change in "Redeced Arm Volume" (a) During a 
Series of Periods warn a \ enous Pressure of 60 cm Water, ( b ) During 
A Series of Periods warn \ enous Ppessures of 60 and 40 cm Water 
Alternatelu, and (c) During a Series of Periods waTii Venous Pressures 
OF 60 ANai 20 CM W atef Alternateli 

In pre\aous observations a Aamous pressure of 20 cm water always 
produced slight but definite filtration into a forearm containing only the 
normal amount of tissue fluid A single ten-minute period of \ enous 
congestion at 60 cm water pressure w as sufficient, how c\ er, to abolish the 
filtration usually’ produced by 20 cm water The accumulation of 1 5 cc 
of fluid pc- lOOcc of arm resulted m the rapid removal of fluid even v ith a 
venous p-essure of 20 cm water 
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The decrease in filtration rate observed at \’anous \-cnou5 pressures 
from 20 to 60 cm ti-ater has been charted in Figure 8 agamst the t-olume 
of tissue fluid in the arm at the bcginmng of the congestion period Each 
point represents the filtration rate observed during a penod of ten 
minutes The amount of fluid in the tissues of the forearm at the be- 
ginning of this penod was computed from known increase in "reduced 
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Fio 8 Showing tbc Effect of Accojuilatiovs or Tissue Eluid on 
Filtration Rate 
F or full descnplion fee text. 

arm xolume" produced b> prextous congestion Tlic filtmion rate 
ob'crved at venous pressures of 20, 40 or 60 cm water witli a known 
volume of fluid in the tissue spaces was subtracted from the average 
filtration rate observed (Figure 3) at the same venous pressure when no 
fluid had been ptevaousl} filtered into the arm The dilTcrcnce betwaNin 
these two filtration rates was charted against the volume of tissue fluid 
present at the beginning of the congestion penod 
9 
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It ma\ be obscncd from Figure 8 that the greater the \olume of 
tissue fluid the more conspicuous v\ as the decrease m filtration rate The 
points arrange themsehes roughly about a cur\e Mhich approaches a 
straight line m its left hand portion \Micn the excess tissue fluid 
amounted to 5 0 cc per 100 cc of forearm the filtration rates Mere on the 
ax erage 1 10 cc per minute per 100 cc of arm less than the filtration rates 
observed at the same xenous pressures in a forearm free of prexnoiislx 
filtered fluid 

From prexious results (Figure 3) it was computed that x\ hen filtration 
xvas measured in 10-minute penods a change in xenous pressure of 1 cm 
water modified the filtration rate by 0033 cc per minute per 100 cc of 
arm A change in filtration rate of 110 corresponds to a change in 
X enous pressure of approximately 35 cm xxater Thus, m the presence 
of an accumulation of tissue fluid amounting to 5 0 cc per 100 cc of arm 
a X enous pressure of 60 cm w ater filters fluid at a rate comparable to that 
produced by a xenous pressure of 25 cm water in a forearm containing 
only the normal amount of tissue fluid It xx'ould be expected that if 
5 0 cc of fluid per 100 cc of arm were already present, a x'cnous pressure 
of 20 or 40 cm water would be unable to produce further filtration 
This was actually the case, as shown in Figure 7 

It might possibly be argued that these findings were artefacts produced 
by the method of measunng “reduced arm volume” \Mien venous 
pressure is elexated for a prolonged penod the amount of tissue fluid 
increases If the application of a pressure of 200 mm Hg to the forearm 
squeezed large amounts of fluid from the tissues inside the plcthysmograph 
into the tissues just outside, the amount of fluid thus lost xxould probably 
become greater as the amount of tissue fluid increased Under these 
conditions, the decrease in filtration rate might be regarded as due to 
purely mechanical errors introduced by the method That this is 
defimtelx not the case is shown in Table 2 In this series of observations 
after the usual control readings had been made xanous pressures of 20, 30, 
40 or 60 cm water xvere used (o) in a senes of short penods, one following 
immediatelj after the other, and (6) in one long period haxnng a duration 
equal to the sum of the short penods Now, dunng a total filtration 
penod of 30 minutes when determinations were made after each of three 
consecutixe ten-minute penods of congestion, the arm was compressed 
three times while wath a single long filtration period of like duration the 
arm was compressed onlx' once If there were an> significant decrease of 
“reduced arm xolume” directlj due to the external application of 
pressure it would be expected that the observation including three 
determinations would show a much smaller change in xolume than the 
observation requinng but one determination 
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TABIX J 


A aimpcrtson oj the amouni ef Jfutd filtered at various venous pressures dunni sererad 
suecesSTve short periods and dunni “ sintle long period 
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• Vcnoui congestion continued dunng readings of ‘ reduced arm stilumc. 


Elxamination of the figures m Table 2 trill show tlint this was not tlie 
case Thus in three e.\pcnmcntB with a t’cnous pressure of 20 cm water 
the amount of fluid filtered in the single long period was not greater 
than the amount of fluid filtered m three short penods of like total 
duration The same was true with a tenous pressure of 30 cm water 
For c-xamplc in 35 minutes a tenous pressure of 30 cm water applied 
continuousK filtered 1 87, 1 43 and 1 58 cc. of fluid per 100 cc of arm. 
The same venous pressure, applied for one penod of five minutes nnd 
thiec of ten rmnutes each, filtered total velumes of fluid amounting to 
1 86, 1.30 and 1 55 cc The difference between the^ two sets of figures is 
not significant At venous pressures of 40 nnd 60 cm water llic totals 
differed bj not more than 0 52 cc per 100 cc of arm indicating that the 
amount lost wath each single determination of reduced arm velumc is, 
at most 0 25 cc per 100 cc. of arm for each twe minute penod of 200 mm 
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Hg pressure This is much too small to explain the decreasing filtration 
in prolonged periods of congesbon Tins, we belic\c, is due to mounting 
tissue pressure m the intercellular spaces distended b\ the filtered fluid 

(Z?) The rate at uhich tissue fluid is removed 
The \olume of bssue fluid present in the forearm averts a signifioint 
effect on the rate at which that fluid is removed The method of de- 
termining the rate of removal of fluid consisted in repeating the observa- 
bons of “reduced arm volume*’ at intervals of 10 minutes after the end of 
one or more penods of congesbon WTicn venous pressure vvas not 
elevated the rate at which fluid was removed from the tissue spaces 
depended pnmanly upon the amount of fluid present WTien a large 
amount of bssue fluid was present the “reduced arm volume” returned to 
normal v'er> much more rapidly than when a small amount of tissue fluid 
was present 



0 0-5 to us 2J3 

' VeUME OF TISSUE FtUra-CC. PER 100 CC OF AfiM 


Fig 9 Showing the Relation between the Volume of Tissue Fluid 
and the Rate of Removal of that Fluid 
Plcihvsmograph tcnpcraiurc uas 34 to 35° C 

The change in “reduced arm volume" during the removal of fluid is 
shown in Figure 4 In thc=e observabons at the end of the filtration 
penod the armlet was deflated and two or more readings of “reduced arm 
volume ’ V ce made at intervals of ten minutes The relation lictwctn 
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the \-oIumc of tissue fluid and the rate of rcmotal is shown bj ngurc 9 
tvhich includes onI> observations made at a temperature of 34 to 35° C 
The points arc distributed roughly about a straight line. The scattering, 
however, is so great tliat it hardly seems justifiable to draw an> condu 
sions concerning the slope and position of that line. It is dear, hou-ever, 
that the rate at v. hich fluid leaves the forearm is related to the imount of 
tissue fluid which has accumulated during the preceding period or penods 
of filtration 

The effect of temperature on the removal of fluid is not striking except 
possibly at 14 to 15° C Inspection of Figure 10 will show that the points 
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Fig 10 SnowiNGTnn Fffect opTEHrnRATURE oNtnn Rate AT Wnicit 
Tisscf Fluid was RrmovED When Varving Volumes of Tissue Fluid 
WERE Present 

representing the removal of fluid at 44 to 45, 34 to 35, and 24 to 25° C ne 
distnbuted over approximatdv similar areas However, when the 
plcthiimiograph temperature was dropped to 14 to 15° C small amounts 
of tissue fluid sometimes failed to Icnve the tissues as rapidlj as similar 
amounts uhen the forearm was at a higher temperature On the other 
hand uhen large amounts of fluid had accumulated the rate of removal 
was onlj plightlv, if at all, slower at the lower tcmpcratuie. 
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DISCLS<;iON 

There is c\ndcnce from ■;e\cral sources that temperature modifies the 
balance bctMccn tissue fluid and the fluids of the circulating blood 
Ba7ett (4) has called attention to the common knowledge that the limbs 
SM el! dunng m arm m eather and shrink during cold m cather This change 
in \ olume ma\ be due to some e\tent to the amount of blood m the tissues, 
though the rate of change is too slow to be explained satisfactonh on 
this basis It IS a matter of common observation also that rings, gloves, 
and shoes appear to be tighter in summer than in vvnnter E\penmcntall> 
OkunefT (5) has shown that d>cs pass more rapidly into areas of tissue 
which have been heated Moreover, djes are removed more rapidlj b> 
vva> of the Ijmphatic vessels from such heated areas Drurj and Jones 
(2) immersed the legs and feet in baths ranging in temperature from 14 to 
42° C and found, with the ordtnar> plethjsmograph, that the filtration 
produced bj venous pressures of 40 to 80 mm Hg was ver>' much greater 
at the higher temperatures 

Indirect measurements by Lewis and Haynal (6) and direct determi- 
nations by Landis (7) indicate that warming the skin elev'ates cutaneous 
capillary pressure conspicuously Moreover, local heat, by dilating 
capillanes previously closed or only partially open, must increase the 
total filtering area quite considerably Botli factors, or cither factor 
singly, would tend to increase the filtration rate at any given venous 
pressure It is impossible to estimate the relativ'c importance of tliesc 
two possibilities from the data at present available 

Hamilton and Barbour (8) studied the effects of cold on the transport 
of fluid from the blood to the tissue spaces When anestheti7ed dogs 
were kept King on slabs of ice for 20 to 50 minutes immediately before 
they were killed, it was possible to demonstrate a larger content of water 
in the subcutaneous tissue and muscle of the cooled side Barbour and 
Hamilton (9) postulated, therefore, that exposure to cold produces 
anhydremia because fluid is diverted to the cooled skin, subcutaneous 
tissues and muscles as a result of artenolar constriction, capillary' dila- 
tation from anoxemia, and increased permeability In the plcthysmo- 
graphic studies here described lowering the temperature of the forearm 
to 14 5° C did not cause the "reduced arm volume” to increase As 
Bazett (4) points out, the generalizations made by Barbour and Hamilton 
seem unwarranted at present for no control observations were made to 
determine the effect of gravaty' Moreover, an ice block might well lx: 
an excessive stimulus, givang results comparable with slight frost-bitc 
rather than wath those of ordinary cold Lewas (lOJ has postulated that 
the reactive vasodilatation which comes on when the si in is cooled IkIov. 
15° C IS due to an axonc reflo . stimulated by injury and the rclca^^e of 
H-substance m the cooled slan 
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In Btndics of actiN-c muscle and secreting glands Barcroft and Kato 
(11) recorded rates of lymph flotv in cc per gram of tissue per minute. 
These figures, obtained indirectlj b> companng hemoglobin contents of 
artcnal and venous blood, are considerably greater than the highest rates 
of filtration found in the forearm dunng simple congestion The rapid 
Ilois of lyanph from activ e tissues may be partly due to the extravascular 
accumulation of metabolites suggested by' Asher and Barbara (12) 

Tlie stnking effect of temperature on the filtration rate at venous 
pressures of 30 or more cm water is of particular interest wath regard to 
the appearance of edema, particularly of those tvpcs related to climatic 
changes Trequently patients with mild edema complain that the 
swelling of the lower c.vtrcmitics is greater during warm waathcr than 
during cold Caatellani (13), in a recent rcvacw of minor tropical 
diseases, mentions twe types of heat edema The milder form is "c-x 
trcmcly common all over the tropics, and Europeans on their way to the 
Last frequently develop it as soon as the boat reaches tlic southern 
portion of the Red Sea and Aden *’ The feet and legs swell slightly and 
pitting may occasionally occur, wathout any evadence of renal or cardiac 
abnormality A more sevaire form, "heat oedema gravas," was observed 
bv Castellam in Europe and Amenca dunng severe heat wavais The 
edema comes on suddenly', lasts as long as the high temperature persists 
and then disappears This type of edema invoKas for the most part, 
the lower c.vtrcmities, pits slightly on pressure and, like the first vanety, is 
unaccompanied by any abnormalities of renal or cardiac function 

In a warm envaronment, as shown by Lewas and Pickenng (14), the 
cutaneous va»sels of the upper axtrcmities dilate in order to promote 
loss of heat Gibbon and Landis (IS) found that immersing the forearms 
m warm water induces in the lower extremities a maximal va-^odilatation 
which IS comparable in degree to that obtained by spinal anesthesia 
Under these conditions the total area of capillary wall available for 
filtration m the extremities must be much incrcnsed In the erect 
posture venous pressure in the lower extremities may reach very high 
levels due to the hydrostatic pressure of the column of venous blood In 
the presence of such high venous pressure, an increase in the capillary area 
available for filtration would favor the accumulauon of greater amounts 
of fluid in the tissue spaces Heat edemas may, therefore, be at least 
partially due to physical effects similar to those exerted by local heat on 
the filtration of fluid through the normal capillarv' wall 

Observations on the filtration produced by continued venous con 
gcstion show tint beginning wath the first rmnutes of congestion, some 
force diminishes the powar of a givxm vonous pressure to filter fluid from 
the blood into the tissue spaces This might lie due (a) to a change in the 
membrane in the direction of dccrca.sed permeability or (6) to some force 
in the tissue spaces opposing capillary pressure \s evadence that tlic 
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firct po'^cibihn cannot explain the findinc*^ it mav bo mentioned tliat i\licn 
\-cnous pressure was cleaated for two pcnod«; of ten minutes each, the 
rate of filtration dunng the second penod was alw a\ s less than tint dunne 
the first Then if the fluid was allowed to lca\-e the forearm and tiic 
determination w as repeated, u^int; the same a enous pressure, the filtration 
during the third penod of ten minutes was appro\imatcl> the same as 
that obscrv'cd dunng the first penod Moreo\ cr, the decrease in filtration 
rate depended quite definitely (Figure 8) on the amount of fluid in the 
tissue spaces 

Krogh, Landis and Turner (1) observ'cd that an accumulation of fluid 
in the tissue spaces diminished or e\en abolished tlie power of \ enous 
pressures of 15 to 30 cm water to produce filtration Lymphatic 
drainage and tissue pressure were both considered m the discussion of 
these results but the limitations of the earlier method precluded any 
definite dcasion concerning the relatne importance of these two factors 
From the obseiwations reported in this paper it appears that tissue 
pressure is the more important Filtration rates measured during tlic 
first period of congestion were uniformly higher than those in succeeding 
penods e^cn when the armlet was inflated continuously during the time 
when "reduced arm \olumc’’ was measured (Table 2, first four experi- 
ments) Under these conditions lymph could Icaxc the arm only if 
pressure in the lymphatic xessels exceeded the pressure in the armlet 
The change in "reduced arm xolumc" produced by prolonged penods of 
\ enous congestion amounting to 20 or 30 cm water was not significantly 
changed by thus prexenting the complete emptying of the Kmphatics 
dunng each determination of "reduced arm \olume ” 

Drury and Jones (2) found that at a gn en x enous pressure the rate of 
filtration between the tenth and twentieth minutes of congestion was 
greater tlian that between the twentieth and thirtieth minutes They 
were, howexer, unable to measure the xolumc of fluid filtered dunng the 
first ten minutes of congestion, this explains in part the relatixely low 
filtration rates reported in their paper 

The rates of filtration obserxed in the forearm dunng the first ten 
minutes of x enous congestion were higher than those obserx’ed dunng the 
first 30 minutes of x-enous congestion (Figures 2 and 3) This difTcrcncc 
must be related to the rapid decrease in the rate of filtration observed 
dunng long continued x enous congestion (Figure 6) The ob'crxaiions 
arc in accord with the conception that, as fluid accumulates in the tissue 
spaces, an increasing pressure is required to oxcrcome the elastiaty' of the 
separated tissue elements This tissue pressure becomes greater as the 
xoluire of extraxascular fluid increases and, since it opposes the filtering 
p-e^sure wathin the capillancs, mal cs itself ex idcnt in the diminished rates 
of filtrat on p-axluced by anx gix-en x enous pressure (Figures 6, 7 and 8) 
The tissue pnessure dex eloped by the accumulation of small amounts of 
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fluid in the normal forearm can be estimated indirectly bj obsemng the 
amount by which filtration is reduced When filtration is measured 
through penods of ten minutes, a change in venous pressure of 10 cm 
water modified the rate of filtration by 033 cc per minute per 100 cc of 
arm (Figure 3) As shown in Figure 8 w hen the filtered fluid amounted to 
1 0 cc, per 100 cc of arm, filtrahon was decreased approximately 033 cc, 
per minute per 100 cc, of arm — a change which corresponds to the effect 
of lowering venous pressure by 10 cm water When the filtered fluid 
amounted to 5 0 cc per 100 cc. of arm the filtration was reduced by 
approximately 110 cc. per rmnute per 100 cc of arm — a change which 
corresponds to the effect of lowering venous pressure by 35 cm water It 
IS obnous that absolute figures for tissue pressure thus indirectly obtained 
cannot have great significance imtil they have been venfied by some more 
direct method 

The first and apparently the only attempt to estimate tissue pressure 
directly was that of Landcrer (16), who introduced a fine needle or 
cannula into the cutaneous and subcutaneous tissues in order to determine 
the pressure which was required to force small amounts of fluid -slowly into 
the tissue spaces He concluded that in rabbits the tissue pressure is 
normally about 5 to 7 cm water, but varies wadely in different tissues 
He found also that venous congestion elevated tissue pressure con- 
spicuously, but mentioned neither the duration nor the grade of the 
venous congestion Various measurements of skin tension have been 
made by means of the clastometer (Schade (17), Kundc (18)) but these 
provide no information concerning absolute tissue pressures 

It would appear, however that in the human being tissue pressure may 
be one of the most important factors in maintaining normal blood volume 
against considerable hj-drostatic disadvantage Adolph (19) has sug 
gested that in the observations of Krogh, Landis and Turner (1) venous 
pressures below 17 cm water foiled to produce measurable filtration 
becau'c of tissue pressure Thompson, Thompson and Dailey (20) and 
W'atcrficld (21) observed that blood volume decreased rapidlj during the 
first 30 minutes of quiet standing after which penod no further change in 
blood volume could be observed Reference to Figure 6 will show that it 
IS dunng the first 30 minutes of venous congestion that the grc.atest 
dccrcisc in filtration occurs 

The plij-Eiolopcal significance of this mechanism is obvious One of 
the greatest difficulties in appljmg the Starling hjqxithcsis to problems of 
fluid balance in man has been the absence of local edema in the dependent 
parts of normal individuals In the lower extremities the excess of 
venous and capillary pressure over colloid osmotic pressure should, if 
Starling s twei factors were the only ones concerned produce a con 
Fidcrable grade of local ankle edema. Dunng quiet standing fluid is lost 
from the blood ns shown by Thompson, Thompson and Dailey (20) but 
the loss ceases before edema appears 
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The dnnpers of rcduanc blood \ olumc too c:rcatl\ arc olmou-; Quiet 
<;tandinp bnngs the \a':cular '5\stcm quite near to complete fiilurc and 
resultant 5^ncope ac showm h\ Turner, Xeuton and Ha>nc<5 (22) and b> 
Hamilton, Lichu and Pitts (23) \n\ mechanism which limits the 

amount of fluid which is lost to the tissue spaces will significantH reduce 
the need for cardio\ascular readjustments in prolonged standing 

The occurrence of edema shows in itself, howc\er, that the jwwcr of 
tissues to resist the accumulation of tissue fluid is a limited one I andcrer 
l)clie\ed that all forms of edema could be explained b> the diminished 
clasticiU of the edematous tissue But in determining the modulus of 
normal and edematous tissues he failed to take into the account that a 
gi\ en mass of edematous tissue contains few cr connecti\ c tissue fibers and 
more fluid than the same \ olumc of normal tissue It w ould be expected, 
therefore, that under a gnen force edematous tissue would stretch more 
Bonningcr (24), in testing the elasticity of the skin in cadaaers, found no 
caadence that the elasticitj of tissue was diminished in edema The skin 
remo\cd from an edematous extremitj shortened more than did skin 
taken from a normal cxtremit>' Bonmnger found, howc\cr, that the 
tissues arc \ciy' impcrfcctl> elastic and when stretched e\cn slightly thc> 
gradually elongate, failing to return to their original length when tension 
IS rcmo\ ed Therefore, a relati% cly low tissue pressure acting for a long 
time might graduall> stretch the tissue, the elasticity of which could 
delat , but could not pre\ ent, the appearance of edema 

No measurements of tissue pressure in edema arc .n%ailable The 
tightness of the skin in massive edemas suggests that the tissue pressure 
ma\ be quite high under certain conditions It is a clinical truism that 
certain forms of edema appear first in the loose tissues of the orbit and 
face Vet the looseness of tissue is not the pnmar> cause for the appear- 
ance of the edema, since, as Pishbcrg remarks (25), the relaxed abdominal 
skin of multiparae is not usually edematous 

In considering the mo\ement of fluid through the capillary wall the 
factors of first importance arc capillarj pressure, the colloid osmotic 
pressure of the blood, and the permeability of the capillary wall Two 
important subsidian, physical factors, temperature and tissue pressure, 
must be kept in mind since thc> can modify the cfTects produced b> a 
giNcn difiference between capillarj' pressure and colloid osmotic pressure 

SUMM tRt 

A pressure plethx smograph was arranged so that each determination 
of "reduced arm \olumc” (i c tissue xolume with the blood ■vcs'^cls 
collapsed) required onI\ two nunutes' stoppage of blood flow The 
apparatus could be kept at a temperature constant within 1° C It was 
shown that measurements of “reduced arm \ olumc" were relatntly 
irdcpendent of the x'anations in arm x olumc produced by xtisomoto' 
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changes or by simple engorgement of the aaiins During two minute 
pcnods of 200 mm Hg pressure the plcthj smograph expressed onlj 
negligible quantities of fluid from the segment of forearm enclosed tiithin 
It 

The movement of fluid through the human capillarj wall was studied 
in relation to venous pressure, temperature and duration of venous 
congestion It was found that above an average vauious pressure of 12 
cm water the rate of filtration was directlj propiortional to the increase in 
venous pressure A unit nsc in venous pressure (1 cm water) increased 
the filtration rate by 0028 cc. pier minute per 100 cc of forearm when the 
congestion penods were 30 minutes long and bj 0033 cc per rmnute per 
100 cc of forearm when the congestion pcnods were 10 minutes long 
The temperature of the forearm exerted a conspicuous effect on the 
rates of filtration produced by given venous pressures In general, the 
rates of filtration produced by venous preesurcs of 30 40, SO and 60 cm 
w atcr wath a forearm temperature of 44 to 45° C were almost twacc as 
great as those produced b> the same pressures watli a forearm temperature 
of 14 to 15° C 

The rate of filtration produced by any given v cnous pressure decreased 
rapidly as fluid accumulated in the tissue spaces The filtration rate was 
reduced most rapidly dunng the first 30 minutes of venous congestion 
Wlicn suffiaent fluid had accumulated in the tissue spaces low venous 
pressures failed to produce further filtration With large accumulations 
of fluid in the tissue spaces the filtration rate was decreased by an amount 
which wes equivalent to a tissue pressure as high as 35 cm wetcr 

The importance of tliesc two factors, temperature and tissue pressure, 
is briefly discussed with reference to normal fluid balance and to the 
formation of edema 
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A NOTE ON CUTANEOUS VENOUS BLOOD SUGAR DIFFER- 
ENCE IN NORMAL MALES AND FEMALES AND 
IN THYROID DISEASE 
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Imhtule of the Umversity of Pennsyleania Philadelphia) 

(Reccu-cd for publication Augutt 17, 1932) 

It has been ttcll knotm since the publications of Foster (1) and of 
Hagedom (2) that cutaneous blood obtained from a deep finger pncL 
approximates arterial blood rather than venous blood in sugar concen 
tration Tlic deeper the pnek and the more frcclj the blood flows from 
the finger the more closel> the cutaneous values approximate arterial 
values 

TABLE 1 


Arterial, cutaneous and renous blood su^ar values one hour after administration of 100 crams 
of clucose orally or t cc of I 1000 epinephrme subcutaneously 



Arterial 

\eiw>n* 

DUTcrmct 

»Tt crUI unroB 9 


nr** tfr too it 

fft too it 

f** too it 

After glucose 

270 

218 

-3 


160 

108 

2 


U9 

ns 

2 


160 

123 

11 

After cpincphnnc 

165 

157 

-2 


U2 

134 

1 


172 

116 

14 


Table 1 shows the companson of arterial, cutaneous and \cnous 
blood sugar anlucs with our technique one hour after ingestion of 100 
grams of glucose or after injection of 1 cc of 1 1000 epmephnne in 
subjects without caidcncc of arculatorj or metabolic disorder Artcnal 
blood was obtained from a brachial arterj Cutaneous blood was taken 
from a finger tip following a puncture with a pen point deep enough to 
git e a free flow N cnous blood was drawn from the arm w ith onl> slight 
transient compression of the tein Blood sugar was measured b> the 
method of Hagedom and Jensen (3) In two out of seven compin«eins 
considerable di'crcpanc) is noted between artcnal and cutaneous values. 
The sugar content of cutaneous blood is not in our hands a reliable 
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mc^su^c of ihnt of artcnal blood in indiMdinl determination*;, altliniif:h 
Icndint; lot\ard aerreement \\ith it in mo^t in=lancc<; In the course of 
mea'^urements of blood sucar concentration in cutancou*; and ^cno^^s 
blood at I, 1 and 11 hours folloninp ingestion of 100 grams of glucose b\ 
normal subjects v.e ha\c noted a tendencj toward higher cutancous- 
\enous difTcrcnces in the females than in the males at tiie crest of the 
sugar curve 


TAntr 2 


Cuter eo is Hoed su^ar value and e I'areous verous diJJ’ererce after truestinr of 100 f^rams of 
tfueose a' the exarr ret or shazetr;^ 1 ij^resl su^ar value 





Females 

Cueincou' 

cutaneous 
\ enous 

Cutaneous 

Dircrm r 
cuiin'Niui 
Nenou^ 


nfrn frr 

mem frr 


mem frr 

fer 


too ce 

100 (c 


ILX) cc 

tuO c: 

Normals 

198 

48 

Normals 

203 

61 


211 

32 


135 

42 


173 

26 


135 

39 


159 

25 

! 

137 

38 


148 

24 


144 

36 


182 

22 


135 

33 


190 

20 


172 

32 
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18 


201 

31 

! 

182 

13 


124 

28 

HvpcrtlijToid 

281 

49 

H>pcrth> roid 

174 

49 


239 
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219 
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232 
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234 

10 





189 
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H>7)otli>Toid 

223 

1 89 





206 

80 





171 

49 





1 220 

46 





181 

40 


Thi= IS shown in Table 2 It includes as "normals” the values on 9 
male and 9 female medical students or mcmlxrs of tlie laboratory staff 
V ho, with the c.\ctp’'on of one male who was 40, varied in age l>etv cen 18 
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10(130 Thecirtancous and \-cnousbl(x>d,talvcn fasting contained niarly 
the same concentration of sugar The nitancous-i-cnous diflercnce 
Ixxame definite as the blood sugar rose The tendency toward greater 
cutaneous Minous difference at the crest of the curve in the females than 
in the males was associated with lower rather than higher sugar mlucs in 
cutaneous and venous blood in tlie females 

In Table 2 arc shown also the cutaneous venous differences at the 
(rest of the curve following ingestion of 100 grams of glucose in 11 female 
and 2 male patients witli hyperthyroidism and in S females with hypo 
thyroidism In about half the patients with hyTXirthy roidism the 
(iitanoous-vcnous differences are lower than normal In most of the 
hypothyToid patients the <aitan<xiu3-vcnous differcmcc is high No 
consistent difference in the cutaneous sugar values is to be nottrf in the 
two groups 
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